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Good afternoon Moshood and Wade,
This revised document is getting out a little later than anticipated, but attached for your review are
the WPNSTA Yorktown Site 34 Draft Final SAP files that have been revised in response to comments
on the Draft report. The complete set of figures and appendices (along with the current Laboratory
ELAP certificates) will be included with the Final SAP. The following files are attached:

·         Redline Microsoft Word text file. Note, that the SAP has also been updated with the most
current (November 2013) RSLs.

·         Figures 3, 5, 8, and 9
 
Please review the redline document, along with the revised figures, and inform us if your comments
have been addressed. 
 
As discussed during our last conference call, we were mobilizing to the site this week and have
started our field investigation. Initial field activities include soil sampling, followed by soil boring/well
installation.  As a reminder, there were no changes to the soil sampling activities based on
comments on the Draft SAP. In regards to the monitoring wells/soil borings, we concurred with all
comments and are installing an additional deep well and collecting deeper soil lithology data in
response.
 

If you would, please confirm the changes by Friday, February 28th.  Please let me know if you have
any questions.
Thanks,
Bill
 

William J. Friedmann, Jr.
Project Manager/Hydrogeologist
CH2M HILL, Inc.
5701 Cleveland Street, Suite 200
Virginia Beach, VA 23462
Ph: 757-671-6223
Cell: 757-285-3985
Fx: 757-497-6885
E-mail: william.friedmann@ch2m.com
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[bookmark: _Toc377476236]Executive Summary

This Sampling and Analysis Plan (SAP) was prepared by CH2M HILL under the United States Department of the Navy (Navy), Naval Facilities Engineering Command (NAVFAC) Mid-Atlantic Division, Comprehensive Long-term Environmental Action – Navy (CLEAN) 8012 Contract, Contract Task Order (CTO) WE35, for submittal to NAVFAC, the United States Environmental Protection Agency (USEPA) Region 3, and the Virginia Department of Environmental Quality (VDEQ). The Navy, USEPA, and VDEQ work jointly as the Yorktown Partnering Team. This SAP was written in accordance with the Tier II SAP guidance document (USEPA, 2011). 

Site 34, the Building 537 Discharge to Felgates Creek (previously Site Screening Area [SSA] 14), is approximately 3 acres in size and is located in the north-central part of Naval Weapons Station (WPNSTA) Yorktown (Figure 1). The site is within a restricted area of the WPNSTA and access to the site is limited. During its operation, the site was used for industrial activities related to ordnance. The site is no longer active and buildings at the site were decontaminated (that is, contents removal and cleaning) in late 2013. 

A one-lane asphalt road encircles Buildings 460, 459, 537, 458, and 651, which are concrete bunkers set into a hillside. There is a discharge pipe that originates at Building 537 and extends south toward Felgates Creek (Figure 2). Historically, nitramine-contaminated wastewater was reportedly discharged through the pipe. South of the road, the sparsely wooded terrain slopes steeply to a flat, vegetated wetland area north of the main channel of the Eastern Branch of Felgates Creek. Felgates Creek is a tidally influenced tributary to the York River. 

Site 34 has been evaluated during previous investigations. Soil and sediment were evaluated in a Round Two Remedial Investigation (RI) (Baker, 2004) and Pre-Removal Characterization of Soil investigation (Baker, 2005c). Based on the results of these sampling events, a soil and sediment removal action was conducted and completed at the site in 2007. Concurrently, groundwater, surface water, and sediment were evaluated in a groundwater RI (CH2M HILL, 2011). The risk assessment completed in support of the groundwater RI indicated unacceptable risks associated with exposure to chlorinated solvents in groundwater under future land use scenarios. Additionally, an area of mercury contamination was identified in sediment with concentrations above Ecological Screening Values (ESVs). While the conclusions of the groundwater RI indicated that the Feasibility Study (FS) could be initiated, data gaps were identified that require additional data collection to provide a better understanding of site conditions prior to evaluating alternatives. The following data gaps were identified:

Soil in the vicinity of Building 537 may not be fully characterized and may pose a potential source of contamination to groundwater. The Yorktown Partnering Team also expressed concern that potential soil source areas associated with Building 537 and piping related to the building had not been sufficiently evaluated and may be a continuing source of contamination to other media.  

The extent of elevated mercury concentrations in sediment located in the wetland area in the southern portion of the site is not adequately defined. Although mercury was not identified as a constituent of concern (COC) in sediment based on  the Round Two RI and Pre-Removal Characterization of Soil data, elevated concentrations were detected in one sediment sample collected adjacent to the removal area during the groundwater RI. This detection of mercury is attributed to runoff from contaminated soil, which has since been removed to below accepted clean-up levels (CH2M HILL, 2011). 

If soil in the vicinity of Building 537 is identified as posing a potential source of contamination, then these contaminants may have migrated via historical runoff to sediment in the wetland area. If this occurred, sediment within the removal action footprint would have been addressed. However, there is uncertainty as to whether sediment outside of the removal area would have been impacted, particularly along observed drainages. 

The groundwater plume may require a more refined delineation for FS alternative evaluation. Although the Membrane Interface Probe (MIP) investigation helped define the extent of elevated chlorinated volatile organic compounds (CVOCs) in groundwater, permanent monitoring locations are also needed for future plume monitoring. Because geochemical parameters were only analyzed during one monitoring event, there is uncertainty as to whether these are representative of current conditions.

The continuity of a clay lense in the Yorktown-Eastover aquifer requires further refinement for FS alternative evaluation. A clay lense, which has been identified in soil borings and electrical conductivity probe readings in the vicinity of the discharge pipe, appears to be acting as a semi-confining layer and restricting downward vertical migration of CVOC contamination. Since the clay lense was not observed in an upgradient soil boring, it does not appear to be continuous across Site 34. The continuity of the clay lense in the vicinity of the groundwater plume may influence the selected target treatment areas. 

Consequently, this SAP is being generated to support the following objectives: 

Confirm that soil contamination is not present in the vicinity of Building 537 and its associated piping that could present a source to groundwater, thereby impacting remedy effectiveness

Determine whether historical activities at Building 537 and its associated piping have impacted sediment within the wetland area, outside of the removal action footprint, in a manner that would warrant additional remedial action 

Further define the extent of mercury potentially present in sediment in the vicinity of a groundwater RI sediment sample located in the wetland area near the edge of a previous removal action to determine if addition remedial action is warranted

Further refine the chlorinated solvent plume at Site 34 through the collection and analysis of groundwater and sediment pore water samples to develop target treatment areas for FS evaluation and evaluate changes in concentrations over distance for attenuation estimates

Collect current water quality and geochemical parameter data to evaluate natural attenuation processes during FS alternative evaluation

Determine the presence or absence of the emerging contaminant 1,4-dioxane and whether it needs to be included in the groundwater FS

Further refine the subsurface lithology of a semi-confining clay lense for FS alternative evaluation

The data collected under this investigation will be used to complete an FS for groundwater at Site 34. It will also be utilized to determine whether further action is necessary for contamination in sediment in the wetland area and/or soil near Building 537, or if No Further Action (NFA) is appropriate at Site 34 for these media. This document will ensure that collected environmental data are scientifically sound, of known and documented quality, and suitable for the intended uses. 

The laboratory information cited in this SAP is specific to TriMatrix Laboratories of Grand Rapids, Michigan. This laboratory was selected based on a competitive selection process and possesses Department of Defense (DoD) Environmental Laboratory Accreditation Program (ELAP) certification for the analytical methods required by this project. In the event of changes to the laboratory, revisions will be submitted to the Yorktown Team prior to commencement of fieldwork.  
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°C	degree Celsius

µg/L	microgram per liter

µm	micrometer

µmol/g	micromole per gram

%R	percent recovery

2-Am-DNT 	2-Amino-4,6-dinitrotoluene

4-Am-DNT	4-Amino-2,6-dinitrotoluene

AM	Activity Manager

AQM	Activity Quality Manager

ASTM	American Society for Testing and Materials

AVS	acid volatile sulfide



bgs	below ground surface

BNA	base/neutral/acid

BTAG	Biological Technical Assistance Group

CA	Corrective Action 

CAS	Chemical Abstract Service

CCR	Construction Completion Report

CERCLA	Comprehensive Environmental Response, Compensation, and Liability Act

CLEAN	Comprehensive Long-term Environmental Action – Navy

COC	constituent of concern

COPC	constituent of potential concern

CSM	Conceptual Site Model

CT	cycle threshold

CTE	central tendency exposure

CTO	Contract Task Order

CVAA	cold vapor atomic absorption

CVOC	chlorinated volatile organic compound

DCA	dichloroethane

DCE	dichloroethene

DHC	dehalococcoides

DL	Detection Limit

DNA	deoxyribonucleic acid



DNB	dinitrobenzene

DNT	dinitrotoluene

DO	dissolved oxygen

DOC	Dissolved Organic Carbon 

DoD	Department of Defense

DOT	Department of Transportation

DQI	Data Quality Indicator

DQO	Data Quality Objective

DV	Data Validator

EC	electrical conductivity

ECD	electron capture device

Eco-SSL	Ecological Soil Screening Level

EE/CA	Engineering Evaluation/Cost Analysis

ELAP	Environmental Laboratory Accreditation Program

ERA	Ecological Risk Assessment

ERD	enhanced reductive dechlorination

ESS	Explosives Safety Submission

ESV	Ecological Screening Value

FS	Feasibility Study

FTL	Field Team Leader

g	gram

GC/FID	gas chromatograph/flame ionization detector

GC/MS	gas chromatography/mass spectrometry

GPS	global positioning system

H2SO4	sulfuric acid

HCl	hydrochloric acid

HHRA	Human Health Risk Assessment

HMX	octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine

HNO3	nitric acid

HPLC	high performance liquid chromatography

HSP	Health and Safety Plan

ICAL	initial calibration

ICP	inductively coupled plasma

ICPMS	inductively coupled plasma mass spectrometry

ID	identification

IDW	investigation-derived waste

IS	Internal Standards

L	liter

LCS	Laboratory Control Sample

LCSD	Laboratory Control Sample Duplicate

LCL	Lower Control Limit

LOD	Limit of Detection

LOQ	Limit of Quantitation

MCL	Maximum Contaminant Level

MEE	methane, ethane, and ethene

mg/kg	milligram per kilogram

mg/L	milligram per liter

MIP	Membrane Interface Probe

ml	milliliter

mm	millimeter

MNA	monitored natural attenuation

MPC	Measurement Performance Criteria

MS	Matrix Spike

MSA	method of standard additions

MSD	Matrix Spike Duplicate

MTBE	methyl-tert-butyl ether

N/A	not applicable

NaOH	sodium hydroxide

NAVFAC	Naval Facilities Engineering Command

Navy	Department of the Navy

NB	nitrobenzene

NC	no criterion

NFA	No Further Action

NG	nitroglycerin

NT	nitrotoluene

NTCRA	Non-time-critical Removal Action

ORP	oxidation-reduction potential

oz	ounce

PAH	polycyclic aromatic hydrocarbon

PAL	Project Action Limit

PC	Project Chemist

PCB	polychlorinated biphenyl

PCT_P 	percent passing

PDB	passive diffusion bag

PDS	post-digestion spike

PETN	pentaerythritol tetranitrate

PIL	Project indicator Limit

PM	Project Manager

POC	point of contact

PPE	personal protective equipment

PQL	Project Quantitation Limit

PRG	Preliminary Remediation Goal

PVC	polyvinyl chloride

QA	quality assurance

QAO	Quality Assurance Officer

QAPP	Quality Assurance Project Plan

QC	quality control

qPCR	quantitative polymerase chain reaction

QSM	Quality Systems Manual

RDX	hexahydro-1,3,5-trinitro-1,3,5-triazine

RI	Remedial Investigation

RL	reporting limit

RPD	Relative Percent Difference

RPM	Remedial Project Manager

RRR	Relative Risk Ranking

RSL	Regional Screening Level

RTC	Response to Comment

SAP	Sampling and Analysis Plan

SEM	simultaneously extracted metals

SOP	Standard Operating Procedure

SRM	Standard Reference Material

SSA	Site Screening Area

SSL	Soil Screening Level

STC	Senior Technical Consultant

SVOC	semivolatile organic compound

TAL	Target Analyte List

TAT	turnaround time

TBD	To Be Determined

TCA	trichloroethane

TCE	trichloroethene	

TCL	Target Compound List

Tetryl	methyl-2,4,6-trinitrophenylnitramine

TM	technical memorandum

TNB	trinitrobenzene

TNT	trinitrotoluene

TOC	Total Organic Carbon

UCL	Upper Control Limit

UFP	Uniform Federal Policy

USEPA	United States Environmental Protection Agency

USFWS	United States Fish and Wildlife Service

USGS	United States Geological Survey

UTL	Upper Tolerance Limit

UV	ultraviolet

VC	vinyl chloride

VDEQ	Virginia Department of Environmental Quality

VOC	volatile organic compound

WPNSTA	Naval Weapons Station
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Lead Organization
NAVFAC Mid-Atlantic – Jim G
r
avette (RPM) (757-341-0477)
NAVFAC Atlantic – 
Janice Nielsen 
(Navy 
QAO/Chemist
) (757-322-8339)
NAVFAC Atlantic – Bonnie 
Capito
 (Librarian) (757-322-4785)
Regulatory Agencies
USEPA Region 3 – Moshood Oduwole (RPM) (215-814-3362)
VDEQ – Wade Smith (RPM) (804-698-4125)
PM 
CH2M HILL 
Kristin Brickman
 (
(919) 760-1789
)
Data Management
Navy CLEAN Program Chemist
Anita Dodson (757-671-6218)
PC
Clairette Campbell (757-671-6335)
DV
Herb Kelly (352-384-7100)
AQM
Doug Bitterman (757-671-6209)
STC
Laura Cook
 (
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)
Health and Safety Manager
Howard Gordon (
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Human Health Risk Assessor
Roni Warren (814-364-2454)
Ecological Risk Assessor
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Laboratory Subcontractor
TriMatrix Laboratories
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Utility Locating Subcontractor 
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Drilling Subcontractor
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AM
CH2M HILL – Bill Friedmann (757-671-6223)
Deputy AM
CH2M HILL – Mary Anderson (757-671-6204)
FTL and Onsite Health and Safety Officer
Brian 
Wachter
 (757-
671-6289
)
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Team
TBD
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		Communication Drivers

		Responsible Affiliation

		Name

		Phone Number and/or E-mail

		Procedure



		Point of contact (POC) with United States Environmental Protection Agency (USEPA) Region 3 and Virginia Department of Environmental Quality (VDEQ) Project Managers (PMs)

		Remedial Project Manager (RPM), Naval Facilities Engineering Command (NAVFAC) Mid-Atlantic

		Jim Gravette

		(757) 341-0477

		All material and information that impact decisions or agreements or that require consensus from the USEPA or VDEQ will be provided as soon as possible, but no later than 2 business days, by the RPM following review.



		Oversight on all projects at Naval Weapons Station (WPNSTA) Yorktown; Activity Manager (AM)

		CH2M HILL AM

		Bill Friedmann

		(757) 671-6223

		Issues are to be reported to the RPM immediately and followed up in writing within 2 business days. 



		Implement SAP and manage all phases of this project 

		CH2M HILL PM 

		Kristin Brickman

		(919) 760-1789

		Communicate directly (verbal and/or in writing) with the AM and NAVFAC, as necessary. 



		Technical communications for project implementation and data interpretation

		CH2M HILL Senior Technical Consultant (STC)

		Laura Cook

		(757) 671-6214

		Team members will contact the STC or other technical support regarding questions and issues encountered in the field, input on data interpretation, and so forth, as needed. The STC or other technical support will have 24 hours to respond to technical field questions, as necessary. Responses will be communicated to the PM via e-mail or phone. The STC and AQM will review data and deliverables as necessary prior to Partnering Team discussion or distribution to ensure quality.



		

		Activity Quality Manager (AQM)

		Doug Bitterman

		(757) 671-6209

		



		

		Technical Support

		Kim-Lee-Yarberry

		(678) 530-4404

		



		SAP changes in the field

		CH2M HILL Field Team Leader (FTL)

		Brian Wachter 

		(757) 671-6289

		[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Communicate directly (verbally and/or in writing) with CH2M HILL AM or PM with daily meetings. Documentation of deviations from the Uniform Federal Policy (UFP)-SAP made in field logbooks; deviations made only with approval of PM, who will communicate with the AM, Department of the Navy (Navy), and regulators. The FTL will ensure SAP requirements are met by field staff.



		Data tracking from collection through upload to database

		CH2M HILL Project Chemist (PC)

		Clairette Campbell

		(757) 671-6335

		The PC tracks the data and informs the PM and PC of potential problems or issues. The PM and AM are informed within 24 hours to pass on communications to Navy and regulators, as appropriate. 



		Reporting Data Validation Issues

		CH2M HILL Data Validator (DV)

		Herb Kelly

		(352) 384-7100

		All completeness and data issues will be addressed with the laboratory. The DV should copy the CH2M HILL PC on all communications to the laboratory. The validated data package will be due within 14 calendar days of data receipt by the DV.



		Reporting Analytical Laboratory Data Quality Issues

		Laboratory Subcontractor

		Walt Roudebush (TriMatrix Laboratories)

		(616) 975-4561

		All quality assurance (QA)/quality control (QC) issues with project field samples will be reported by the subcontracted laboratory, which will relay them to the PM and PC within 2 days of discovery. The PC will notify the contractor Quality Assurance Officer (QAO) of laboratory quality issues.



		Field and Analytical Corrective Actions (CAs)

		CH2M HILL 

Program Chemist 



CH2M HILL PC



CH2M HILL FTL

		Anita Dodson





Clairette Campbell



Brian Wachter

		(757) 671-6218





(757) 671-6335



(757) 671-6289

		The need for CA for field and analytical issues will be determined by the FTL, PC, senior support staff, and/or contractor QAO as necessary. The senior support will ensure Quality Assurance Project Plan (QAPP) requirements are met by field staff. The PC will ensure QAPP requirements are met by the laboratory. The FTL will notify the PM of any needed field CAs. The PM will have 24 hours to respond to the request for field CA. CA with laboratories will be coordinated by the PC. The PC will notify the Program Chemist, who will in turn notify the Navy Chemist of any lab issues that render Data Quality Objectives (DQOs) unattainable or cause delivery issues such that project schedule cannot be met. 
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		Project Name: Site 34

		

		Site Name: Site 34



		Projected Date(s) of Sampling: 2012

		

		Site Location: WPNSTA Yorktown



		PM: Mary Anderson

		



		Date of Session: June 30, 2011

		



		Scoping Session Purpose: Site 34 Sampling Strategy

		



		Name

		Title

		Affiliation

		Phone #

		E-mail Address

		Project Role



		Moshood Oduwole

		RPM

		USEPA Region 3
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Comments/Decisions: During the June 2011 Partnering Meeting, the Team discussed the history and description of Site 34 to determine the best approach to address mercury contamination in sediment at the site. The Navy had previously agreed to re-evaluate the mercury in sediment outside of the removal area (as outlined in the Response to Comment [RTC] letter dated May 16, 2011, for the Groundwater Remedial Investigation [RI] for Site 8 and Site 34). The Team agreed to collect four primary samples approximately 25 feet away to the northeast, northwest, southeast, and southwest from the impacted sample YSA14-SD04, plus two additional secondary sample locations to the west of the northern and southern primary sample, between the primary sample and the previous removal area. The Team agreed to analyze these samples for mercury only. Based on the results of the four primary samples, if Ecological Screening Values (ESVs) are exceeded, the secondary samples at further distances would be analyzed. The Team agreed to evaluate whether the new Tier II UFP-SAP format could be used for this additional sediment investigation.
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Comments/Decisions: The objectives of this scoping session were to review the comments received from USEPA and VDEQ ecological technical support on the preliminary sampling strategy for Site 34 sediment, discuss the comments, reach an agreement on the approach, and provide a schedule update.   

The Team agreed to a final sampling approach, pending concurrence from John McCloskey (United States Fish and Wildlife Service [USFWS] Biological Technical Assistance Group [BTAG]) and Kyle Newman (VDEQ). The Team agreed that the ecological subgroup should provide input on the exact locations of the samples. The updated sampling approach included the collection of five primary samples and additional secondary samples if the primary samples exceed the Project Action Limits (PALs). In addition, the ecological subgroup will be invited to assist in sample location selection in the field prior to mobilization. The Navy and CH2M HILL were tasked with drafting informal RTCs for Site 34 to reflect the Team consensus on the sediment exceedance and proposed sample quantities and locations and to send the responses to John McCloskey and Kyle Newman for concurrence.

The RTCs were sent to the USEPA and VDEQ via e-mail on September 15, 2011. On September 19, 2011, both USEPA and VDEQ agreed to the responses. The following Team decisions were documented through these RTCs and subsequent concurrence by the regulatory agencies:   

Six primary samples (one sample at YSA14-SD04 and five samples around it) will be collected rather than the five samples initially discussed by the Team.  

Five secondary step-out samples will be collected and only analyzed if the initial samples exceed the mercury PAL.  

Sample locations will be selected in the field based on many factors, including topography. This will be especially important for secondary samples because it is appropriate to evaluate drainage from primary sample locations when selecting these locations. The Navy will inform the Team members when it plans to choose these sample locations in the field and will coordinate a meeting in the field with BTAG and VDEQ.

Sediment samples will be analyzed for mercury only.
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*Linda Saksvig took over the PM duties prior to the third scoping session. 

Comments/Decisions: A teleconference was held on May 10, 2012, to discuss the inclusion of soil samples in the sediment UFP-SAP for Site 34 in the interest of expediting the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) process at the site. In the spring of 2012, the Navy and CH2M HILL conducted a site visit and it was concluded that Building 537 might have been a source of contamination at the site. Although soil samples were collected during the Round Two RI, none of the samples were collected in the vicinity of Building 537. Due to previous site operations, this area was not available for investigation. Based on this information, the Navy proposed to the USEPA and VDEQ the collection of soil samples around and beneath Building 537 to determine if the building may have acted as a potential transport pathway. 

A figure was presented with six proposed co-located surface and subsurface soil samples and four subsurface soil samples. A few samples were proposed in the upslope area in the vicinity of the bunkers. However, no samples were proposed beneath the roadway and adjacent to the bunker since the ground is covered by concrete or asphalt. Consequently, it is unlikely that surface discharges occurred in these areas. However, several subsurface utilities (wastewater lines coming from Building 537 and a wastewater line that extends past the building) are considered to be potential sources and preferential pathways. Therefore, it was recommended that subsurface soil samples be collected in these areas to evaluate potential releases from the piping to surrounding soil. Additionally, it was recommended that surface and subsurface samples be collected on the south side of the road where the soil is exposed to evaluate direct releases to the surface soil. Based upon available data, it was recommended that soil samples be analyzed for volatile organic compounds (VOCs), semivolatile organic compounds (SVOCs), explosives, and metals.

Both agencies concurred with the addition of soils to the UFP-SAP. USEPA suggested that samples be collected inside the building, near old floor drains in particular. The Navy said that they would see if the building was accessible for sampling. If so, two additional soil samples would be added inside the building. 
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*Linda Saksvig took over the PM duties prior to the third scoping session. 

Comments/Decisions: The intention of the May 2012 scoping session was to discuss USEPA comments on the draft groundwater Feasibility Study (FS) for Site 34. However, during the meeting, Conceptual Site Model (CSM) data gaps that would impact the sampling strategy at Site 34 were identified. Although the USEPA generally agreed with what the Navy proposed in the draft FS report, they were concerned that the VOCs at the site were not sufficiently characterized to select an appropriate remedy and wanted assurance that the Navy would address this. In particular, the concerns included confirming that soil was not a continuing source to groundwater and tighter delineation of the VOC plume for remedial alternative evaluation. If monitored natural attenuation (MNA) is to be considered as part of a remedial alternative, then the monitoring network needs to be large enough to adequately evaluate plume dynamics and monitor the effectiveness of natural attenuation in groundwater. Resultantly, the Team discussed adding groundwater and soil sampling into the sediment UFP-SAP to address these concerns and providing greater detail regarding the Site 34 CSM in support of the proposed alternatives. Additional field activities would potentially include installation of monitoring wells, groundwater sampling of new and existing wells, and soil sampling. 

It was concluded that the Navy and CH2M HILL would review the USEPA comments from the groundwater RI and include additional sampling activities into the UFP-SAP, as appropriate. The proposed sample locations and laboratory analyses were discussed with the Team and will be incorporated into the development of the draft SAP. The Team also agreed to address comments on the draft FS and then place it on hold until the data gaps for groundwater, sediment, and soil are fully resolved.  
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*Kristin Brickman took over the PM duties prior to this scoping session. 

Comments/Decisions: The December 2013 scoping session presented changes made to the data gap investigation as a result of VDEQ and USEPA comments on the May 2013 Draft Tier II SAP for Site 34. Comments were received from the regulatory agencies between July and November 2013. Concurrence on the Navy’s RTCs was received by VDEQ in October 2013 and by USEPA in December 2013. 

Based on BTAG comments, sediment samples will be re-located into areas more likely to have been impacted by runoff from the Building 537 activities. However, no samples will be collected within the removal action footprint, since this area has already been addressed. The sediment sampling plan will be modified in the manner described as follows. 

Eight sediment samples will be collected. 

Samples will be collected at the following locations:

One sample will be collected at historical sample location YSA14‐SD04

One sample will be collected halfway between YSA14‐SD04 and the removal action boundary

Two samples will be collected south of the location previously referenced, approximately 25 and 50 feet from YSA14‐SD04

Four samples will be collected along the north-south drainage to the east of YSA14‐SD04; at the head of the drainage, directly east of YSA14‐SD04, at the heat of the gut that leads to Felgates Creek, and in the middle of the gut. 

Upon review of the Storm Water Pollution Prevention Plan (AH Environmental Consultants, Inc., 2008), and in field verification, approximate overland flow boundary area was identified. This is considered to be the area that received historical runoff from Building 537, associated piping, and the discharge pipe. Wetland sediment located outside of this overland flow boundary is considered to be influenced by runoff coming from outside of Site 34. Therefore, no sediment samples are proposed outside of this area. 

No secondary samples will be collected; that is, no samples will be held for analysis pending. Resultantly, sediment samples will be analyzed under standard data package turnaround times (TATs) instead of accelerated TATs. 

Similar to the previous plan, all sediment samples will be analyzed for mercury. This is the only constituent of concern (COC) that was identified during the 2004 risk assessments that is considered to potentially pose a current risk to sediment receptors, since the 2007 removal action removed sediment directly downgradient of Building 537 and the discharge pipe. To confirm that there have been no other impacts to wetland sediment outside of the removal action footprint, sediment samples will also be analyzed for any constituents identified as posing a potential risk during the soil portion of this data gap investigation. If no soil constituents of potential concern (COPCs) are identified, then only mercury will be evaluated.

The objective of the sediment sampling will be to determine whether historical activities at Building 537 and its associated piping have impacted sediment within the wetland area, outside of the removal action footprint, in a manner that would warrant additional remedial action

The groundwater sampling and lithologic investigation will also be revised. An additional new monitoring well will be installed at the base of the Yorktown-Eastover aquifer to confirm contaminant concentrations at the bottom of the aquifer. Therefore, five new wells will be installed in total. The new well will be located adjacent to new well YS34GW09 and provide vertical and horizontal delineation of the plume. To confirm the depth and thickness of the clay confining layer, soil boring samples will be collected at this newly proposed well and at YS34GW07 to the top of the Eastover-Calvert confining unit. Lithologic soil samples will also be collected at new monitoring wells YS34GW06 and YS34GW08 to the top of the clay lense, if present. The borings will not advance through the clay lense at these locations in order to prevent further damage to the clay lense, particularly near the plume. 

There are no proposed changes to the pore water or soil sampling portions of the data gap investigation. However, the soil samples must be collected at the beginning of the investigation so those results can be used to finalize the sediment sample analytical parameter list. 
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[bookmark: _Toc284948500]The purpose of the SAP is to collect data to complete the FS and resolve identified data gaps in soil and sediment. The CSM for Site 34 interprets the site background and history, physical setting, potential migration pathways, potential exposure pathways, and receptors (Figure 3). 
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WPNSTA Yorktown is a 10,624-acre installation located on the Virginia Peninsula in York and James City Counties and the City of Newport News, Virginia (Figure 1). WPNSTA Yorktown is bounded on the northwest by Cheatham Annex and the King’s Creek Commerce Park, on the northeast by the York River and the Colonial National Historic Parkway, on the southwest by Route 143 and Interstate 64, and on the southeast by Route 238 and the town of Lackey.  

Site 34, formerly Site Screening Area (SSA) 14, is approximately 0.4 acre in size and is located in the north-central part of WPNSTA Yorktown (Figure 1). A one-lane asphalt road encircles Buildings 460, 459, 537, 458, and 651, which are concrete bunkers set into a hillside. South of the road, the sparsely wooded terrain slopes steeply to a flat marsh wetland area north of the main channel of the Eastern Branch of Felgates Creek. Wastewater lines (concrete ditch) from Building 537 connect with the discharge pipe that extends south to Felgates Creek. Nitramine-contaminated wastewater was reportedly discharged through the pipe in the past. Several investigations and a removal action have been completed at Site 34. The following investigations and studies are related to Site 34: 

Relative Risk Ranking (RRR) for SSA 14 (Baker, 1995)

Round Two RI[footnoteRef:1] (Baker, 2004) [1:  A Round One RI was not completed for Site 34 (formerly SSA 14) because Site 34 was included as part of the investigation for a Round Two RI that incorporated other sites.  ] 


Pre-Removal Characterization of Soil at Site 2, Site 8, and SSA 14 (Baker, 2005c)

Engineering Evaluation/Cost Analysis (EE/CA) for Contaminated Soil and Sediment, Site 8 and SSA 14 (Baker, 2005b)

Action Memorandum for Contaminated Soil and Sediment, Site 8 and SSA 14 (Baker, 2005a)

Work Plan Interim Removal Action, Site 8 and SSA 14 (Shaw, 2006)

Explosives Safety Submission (ESS) Determination for Soil and Sediments, Site 8 and SSA 14 (NOSSA, 2006)

Final Construction Completion Report (CCR), Site 8 and SSA 14 (Shaw, 2009)

RI Report for Groundwater at Sites 8 and 34 (CH2M HILL, 2011)

Results of investigations pertinent to this investigation are summarized as follows. More details can be found in the individual reports cited, which are available on the WPNSTA Yorktown Administrative Record, accessible through its public web site: http://go.usa.gov/yFb.  

Site 34 was initially established when a discharge pipe leading from Building 537 was identified as historically discharging nitramine-contaminated wastewater to the Eastern Branch of Felgates Creek. An RRR (Baker, 1995) for Site 34 was performed to identify potential sources of contamination and evaluate potential pathways to ecological and human health receptors. Surface soil, surface water, and sediment samples were collected and analyzed for explosives. Explosives were detected in soil, sediment, and surface water samples, and further investigation was recommended.  

A Round Two RI (Baker, 2004) was conducted, which consisted of the collection of surface and subsurface soil, groundwater, surface water, and sediment samples at Site 34. The samples were analyzed for Target Compound List (TCL) VOCs, TCL SVOCs, explosives, TCL pesticides and polychlorinated biphenyls (PCBs), and Target Analyte List (TAL) metals. Chlorinated volatile organic compounds (CVOCs), explosives, and metals were detected in groundwater samples; explosives, polycyclic aromatic hydrocarbons (PAHs), and metals were detected in surface soil samples; metals were detected in subsurface soil samples; explosives and metals were detected in surface water samples; and SVOCs, explosives, and metals were detected in sediments. Potentially unacceptable human health risks were identified related to CVOCs in groundwater, explosives in surface soil, and metals in surface and subsurface soil. Potentially unacceptable ecological risks were identified related to VOCs, explosives, and metals in soil and sediment, and explosives in surface water. 

In 2005, soil and sediment sampling was conducted within the drainage area downstream of the discharge pipe as part of the Pre-Removal Characterization of Soils (Baker, 2005c) to support a removal action. Sampling results were used to complete an EE/CA (Baker, 2005b) and Action Memorandum (Baker, 2005a) for a Non-time-critical Removal Action (NTCRA). The EE/CA recommended excavation with offsite disposal of contaminated soil and sediment within the drainage channel to mitigate potentially unacceptable human health and ecological risks. Clean-up goals were developed as part of the EE/CA for protection of human health and ecological receptors. Of note, because pre-removal action confirmation samples in the drainage area of the wetland did not contain detectable mercury in surface and subsurface sediment samples (Baker, 2005c), mercury was not identified as a sediment COC. Therefore, a sediment-based Preliminary Remediation Goal (PRG) for mercury was not developed. 

The NTCRA was completed in 2007 and included excavation with offsite disposal of contaminated sediment, as well as a smaller amount of soil within the drainage channel (Shaw, 2009), as depicted on Figure 2. Mercury was not included as an analyte in the post-removal confirmation samples collected from sediment in the wetland area because, as previously stated, it was not identified as a sediment COC. Sediment in the area was excavated to meet established clean-up goals for constituents other than mercury. With regard to the soil portion of the removal action, a soil-based PRG was established for mercury, and this soil-based PRG was not exceeded in post-removal confirmation samples collected following the removal of site soils. 

Concurrent with the removal action, potential impacts to groundwater and groundwater discharges to surface water and sediment to the Eastern Branch of Felgates Creek were investigated in the groundwater RI (CH2M HILL, 2011). The purpose of the groundwater RI was specifically to address direct impacts to groundwater and potential impacts from discharges of groundwater into other media. As part of the groundwater RI, an Ecological Risk Assessment (ERA) was conducted to evaluate the potential ecological risks associated with surface water and sediment at Site 34. Five metals (aluminum, arsenic, beryllium, manganese, and silver), acetone, and carbon disulfide were identified as ecological COPCs in sediment. Three metals (aluminum, barium, and copper) were identified as ecological COPCs in surface water. Site surface water and sediment concentrations were compared with site-specific background concentrations collected and analyzed during the groundwater RI from upgradient and upstream reference locations. Based upon this comparison, concentrations in site samples were similar to concentrations in background samples for all COPCs, indicating that all of these constituents are present at background levels. Based upon this evaluation, no constituents were identified as ecological COCs in sediment or surface water, and ecological risks from exposure to these media are acceptable.

Also part of the groundwater RI, a Human Health Risk Assessment (HHRA) was conducted to evaluate the potential human health risks associated with groundwater, surface water, and sediment at Site 34. This baseline risk assessment was conducted to characterize potential current and future human health risks on the basis of potential receptor populations and exposure scenarios if no remedial action was implemented. Trichloroethene (TCE), 1,1- dichloroethene (DCE), cis-1-2-DCE, 1,1-dichloroethane (DCA), and arsenic were identified in the groundwater RI as human health COCs for groundwater or exceeded the Maximum Contaminant Levels (MCLs). There were no explosives in groundwater identified as posing unacceptable risks. No additional action was required to address arsenic at the site because concentrations did not exceed the central tendency exposure (CTE) exposure scenario, none of the dissolved concentrations exceeded the MCL, and the concentrations of arsenic may be related to geochemical conditions or offsite sources and not a site source. TCE, 1,1-DCE, cis-1,2-DCE, and 1,1-DCA all exceeded the MCLs for groundwater at Site 34 and require additional action. No unacceptable human health risks were identified for surface water or sediment, and No Further Action (NFA) was recommended for these media in the groundwater RI (CH2M HILL, 2011).

The groundwater RI recommended an FS for groundwater to address human health risks in groundwater. Since there were no risks identified in surface water, NFA was recommended. However, it was determined that the NTCRA may not have adequately addressed mercury in sediment at Site 34, so the Yorktown Partnering Team agreed to further assess mercury in sediment in the vicinity of two locations that were not included in the 2011 groundwater RI risk assessment. Subsequently, the draft groundwater FS for Site 34 was submitted in March 2012 for regulatory review and the Yorktown Partnering Team identified additional data gaps. The completion of the FS was put on hold until this data gap investigation was completed, as discussed in Sections 3.1 and 3.2.6.

Building 537 was decontaminated of explosive residue between July and October 2013. A final inspection was conducted and approved in November 2013. As part of the decontamination process, the inside of the building was pressure-washed. Portions of the concrete building were also removed if explosives residue was identified. A final decontamination completion report, which will detail the decontamination methods and analytical results, is being prepared. 
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The surface geology at Site 34 consists of approximately 10 feet of silt and clay consistent with the Yorktown confining unit. This silt and clay unit overlies the Yorktown-Eastover aquifer, which consists predominantly of sand but includes an approximately 10-foot-thick clay lens at 30 to 40 feet below ground surface (bgs). However, since this clay lense was not observed in the soil boring for upgradient well A14GW04A, the continuity if the clay lense across the site is uncertain. Based on the United States Geological Survey (USGS) study conducted at WPNSTA Yorktown (Brockman et al., 1997), the Yorktown-Eastover aquifer is approximately 80 feet thick near Site 34. Depth to groundwater in the upland portions of the site is between 10 and 12 feet bgs. 

Groundwater flow from the site is generally to the south toward the Eastern Branch of Felgates Creek, which is a tidally influenced tributary to the York River. Groundwater elevations were measured from monitoring wells in January, 2008 (Figure 4). The results indicate a hydraulic gradient of approximately 0.0375 foot per foot to the south-southeast in the shallow groundwater zone of the Yorktown-Eastover aquifer. Based on the slug testing, the average horizontal hydraulic conductivity within the Yorktown-Eastover aquifer is 4.53 feet per day. Assuming an effective porosity of 0.25, the estimated groundwater velocity at the site is approximately 300 feet per year.

Based upon review of the Storm Water Pollution Prevention Plan (AH Environmental Consultants, 2008), and in field verification, surface water runoff from Building 537 and its associated piping runs south down the steep terrain towards the flat, vegetated wetland area and Felgates Creek. On the eastern portion of the site, the wetland is influenced by runoff coming from outside of Site 34. 

Surface water in the Eastern branch of Felgates Creek is tidal and brackish with salinity values typically exceeding 10 parts per thousand. Flow within the Eastern Branch of Felgates Creek reverses periodically due to tidal fluctuation. Surface water runoff is directed toward the creek and its tributaries and, in some cases, drainage ditches on the site. The position of Site 34 along the creek is illustrated on Figure 2. 

[bookmark: _Toc377476246]Nature and Extent of Contamination

CVOCs in Groundwater

During the groundwater RI, the CVOC plume was characterized using groundwater data, surface water data, and Membrane Interface Probe (MIP) electron capture device (ECD) response data. Site conditions (steep topography and wet ground surface in low lying area) prevent the use of drill rigs in some areas of the site. Since shallow groundwater discharges into the wetland next to the creek, surface water and sediment samples were collected to define the leading edge of the plume. The MIP provides vertically continuous, semi-quantitative data that were be used to refine the magnitude and distribution of VOCs in the subsurface. 

The CVOC plume extends just north of Building 537, to the south towards the Eastern Branch of Felgates Creek. The ECD response results indicated that the CVOC plume core is located east of the Building 537 discharge pipe and immediately downgradient from an area between Buildings 537 and 458. The highest concentrations in groundwater were detected at monitoring wells YSA14-GW01 and –GW05, with total CVOC concentrations of approximately 2,000 micrograms per liter (µg/L) (Figure 5). 

Analytical groundwater and MIP results indicate that CVOCs are constrained to the upper portions of the Yorktown-Eastover aquifer by a silt and clay lense that was identified at approximately 40 feet bgs in soil borings and by the electrical conductivity (EC) probe during MIP investigations. Groundwater TCE concentrations at monitoring wells AGW05/AGW05A show two orders of magnitude decrease between the shallow and intermediate zone well. Deep monitoring well A14GW01A shows that the dissolved CVOC plume has not migrated into the Eastover-Calvert confining unit. The MIP investigation results showed high ECD response (indicative of CVOC contamination) above the silt and clay lense with very low ECD readings directly below the clay lense. Therefore, the clay lense appears to be acting as a semi-confining layer and restricting downward vertical migration of CVOC contamination. Figures 6 and 7 present lithologic cross-sections (based on soil boring logs and MIP EC data) with the MIP ECD results and TCE plume extent.

Based on surface water data, the groundwater plume appears to extend into the wetland area. TCE was detected in one surface water sample (YSA014-SW04) at a concentration above the groundwater MCL of 5 g/L but below the surface water marine ESV of 1,940 g/L and the freshwater ESV of 47 g/L used for WPNSTA Yorktown site evaluation (Suter and Tsao, 1996). In consideration of the salinity of the creek, marine ESVs are used for risk assessment, where available. No COCs were identified for surface water at the site. Notably, VOCs were not detected in any sediment samples.

Mercury in Sediment

During the groundwater RI, low levels of mercury were detected in sediment located in the wetland area of Site 34. Prior to that, during the pre-removal characterization soil sampling event, mercury was not detected in sediment samples collected in this area (Baker, 2005c). Therefore, mercury was not identified as a sediment COC, and a sediment remedial goal was not established. During the 2007 removal effort, sediment in the area was excavated to meet established clean-up goals for other chemicals. 

As part of the groundwater RI, two sediment samples (YSA14-SD04 and YSA14-SD06) were collected in the wetland area immediately adjacent to the excavation area at the same time the removal action sub-contractor was still mobilized. Mercury concentrations at YSA14-SD04 (1.2 milligrams per kilogram [mg/kg]) exceeded the sediment ESV of 0.15 mg/kg but were less than the human health screening value for mercuric chloride of 23 mg/kg. Sediment sample YSA14-SD04 was collected in the wetland area immediately adjacent to the removal action excavation area (Figure 8). Mercury concentrations were below the ESV at YSA14-SD06 (0.091 mg/kg), which is located directly downgradient of YSA14-SD04. Therefore, mercury contamination in sediment appears to be localized and does not extend to the creek. Because mercury was not identified as a groundwater contaminant at this site, it is believed that the mercury in sediment was the result of runoff from contaminated soil, which has since been removed to below accepted clean-up levels (CH2M HILL, 2011). In addition, because sources of contamination related to the waste and soil have been removed at the site, additional contaminant contributions to the creek will decrease over time. Notably, mercury was not detected in any groundwater samples. Therefore, the two previously mentioned sediment samples were not included in the risk assessment conducted as part of the groundwater RI. 

[bookmark: _Toc377476247]Potential Migration Pathways

The primary source of contamination at Site 34 is attributed to activities at Building 537 and associated wastewater discharge and potential runoff from contaminated soil. The primary potential migration pathways for COCs at Site 34 from former source areas include: 

Dissolved contaminant migration downgradient with groundwater flow (advection)

Contaminated groundwater discharge to the wetland and the creek

Volatilization of groundwater contaminants into the vadose zone and subsequently into indoor air of current or future buildings and the atmosphere 

Wastewater lines (concrete ditch) from Building 537 connected to discharge pipe releasing contaminants into the surrounding soil

Historical runoff from contaminated soil to downgradient sediment and surface water

Leaching from contaminated soil into groundwater 

Detection of groundwater COCs in surface water may be an indication that a complete transport pathway is present; however, concentrations in the surface water have historically been at levels below screening values. Based on the low concentrations detected in surface water, this transport pathway is not considered significant. Dissolved contaminant migration in groundwater and volatilization of groundwater contaminants into the vadose zone and subsequently into the atmosphere and/or indoor air of buildings onsite are a possible migration pathway at the site, but no unacceptable risks were identified in the RI. In addition, wastewater lines (building concrete ditch) coming from Building 537 connect to the discharge pipe that extends past the building (Figure 8), and this discharge pipe presents a potential migration pathway for contaminants into the surrounding soil.  

The principle contaminant release and transport mechanism for mercury from Site 34 was historical runoff from contaminated soil to downgradient sediment in the bordering vegetated wetland north and east of sampling location YSA14-SD04. The original source of the mercury in sediment and soil downgradient of the buildings onsite is not known. However, it is anticipated that these pathways are no longer complete, as the contaminated sediment and soil  source areas delineated in previous investigations have been removed to acceptable clean-up levels for both human health and ecological receptors. Sediment-surface water interactions and tidal influences are current potential transport pathways from potential secondarily contaminated sediments. This migration pathway is believed to be minor, however, based upon the distribution of mercury concentrations measured in Felgates Creek sediment. Data collected during the groundwater RI confirmed that groundwater does not serve as either a potential source or migration pathway for mercury at the site. 

[bookmark: _Toc377476248]Potential Exposure Pathways and Receptors

Groundwater, sediment pore water, sediment, and soil are being investigated as part of this SAP. Human health risks and ecological risk associated with Site 34 were previously evaluated in the groundwater RI (CH2M HILL, 2011). Human health risks associated with incidental ingestion of and dermal contact with surface water, and ecological risks associated with surface water, sediment, and food web exposures were evaluated, and no unacceptable risks to potential human or ecological receptors were identified as part of the groundwater RI. Exposure to groundwater could result in unacceptable non-cancer hazards and cancer risks for future adult and child residents based on a potable use scenario. However, the current and potential future land use for Site 34 is not anticipated to change unless the mission of the base is altered. There is no current or expected future use of groundwater as a drinking-water supply in the immediate vicinity of Site 34; potable water at WPNSTA Yorktown is supplied by the City of Newport News Waterworks.

Potential human receptors for groundwater, sediment, and soil at Site 34 include:

Potential current and future trespasser and visitor (adult, adolescent, and child): incidental ingestion of and dermal contact with surface soil and sediment, and inhalation of particulate and volatile emissions from surface soil

Potential future resident (adult and child): incidental ingestion of and dermal contact with surface and subsurface soil, inhalation of particulate and volatile emissions from surface and subsurface soil, ingestion and dermal contact with groundwater, inhalation of volatiles while showering, and inhalation of volatiles in indoor air from vapor intrusion from shallow groundwater

Potential future industrial worker: incidental ingestion of and dermal contact with surface and subsurface soil, inhalation of particulate and volatile emissions from surface and subsurface soil, inhalation of volatiles in indoor air from vapor intrusion from shallow groundwater, and ingestion of groundwater

Potential future construction workers: incidental ingestion of and dermal contact with sediment, incidental ingestion of and dermal contact with surface and subsurface soil, inhalation of particulate and volatile emissions from surface and subsurface soil, dermal contact with groundwater, and inhalation of volatile emissions from groundwater

Potential ecological receptors adjacent to Site 34 (wetland and creek) that are relevant to this evaluation include:

Lower-trophic-level terrestrial fauna (such as soil invertebrates)

Terrestrial plants

[bookmark: _Toc377476249]Data Gaps Identified for Site 34 

Upon review of the CSM, data gaps have been identified that may impact the groundwater FS for Site 34 and decisions regarding the appropriate action for site soil and sediment. The following data gaps have been identified. 

Soil in the vicinity of Building 537 may not be fully characterized and may pose a potential source to groundwater. Human health risks associated with incidental ingestion of and dermal contact with COCs in soil were investigated in the Round Two RI (Baker, 2004) and then remediated through the removal action downstream of the discharge pipe (Shaw, 2009). However, because the source of site contamination was assumed to be associated with the discharge pipe, only one soil sample was collected north (upgradient) of the discharge pipe. Due to previous site operations, this area was not available for investigation. Based on the MIP investigation conducted during the groundwater RI, the source of CVOCs in groundwater may be slightly upgradient of the discharge pipe in the vicinity of Building 537 and its associated piping and drains. If direct discharge of contaminants to the ground surface from Building 537 activities took place, then this could pose a continuing source to groundwater contamination. As a result of this information, the Team decided that the previous single sample upgradient of the discharge pipe did not adequately characterize the soil upgradient of the removal action area at Site 34 and that the fill material surrounding the discharge pipe exiting Building 537 may present a preferential pathway for contaminants and should be investigated further. Soil samples are proposed to fully characterize Site 34 soil in the vicinity of Building 537 and to determine if any potential unacceptable risk is present from exposure to the soil.  

The extent of elevated mercury concentrations in sediment located in the wetland area is not adequately defined. The Team determined that potential human and ecological receptors may be exposed to site-related mercury through ingestion of and/or dermal (direct) contact with sediment in the vicinity of sample location YSA14-SD04. Although the removal action reduced concentrations of all COCs to below the established remedial goals, mercury was not an established COC at that time. During the groundwater RI (CH2M HILL, 2011), mercury was detected at elevated levels in one sediment sample (YSA14-SD04), and further investigation was recommended to determine if potential unacceptable ecological risks exist. Sediment samples are proposed to determine the spatial extent of mercury in the vicinity of YSA14-SD04. Furthermore, if soil in the vicinity of Building 537 is identified as posing a potential source of contamination, then it may have impacted sediment in the wetland area via historical runoff. Therefore, if any COPCs are identified in soil, then the proposed sediment samples will also be used to assess migration of these constituents to sediment and potentially unacceptable risks.      

Additional refinement of the groundwater plume is necessary to develop target treatment areas for FS alternative evaluation. Although the MIP investigation helped define the extent of elevated CVOCs in groundwater, permanent monitoring locations are needed for future plume monitoring. The following areas have been identified as needing additional and/or permanent plume resolution:

Upgradient (north) of Building 537 and the discharge pipe. Upgradient monitoring well YSA14-GW04A is screened below the Yorktown-Eastover aquifer and may not be representative of shallow aquifer conditions. Additionally, another upgradient well closer to the Building 537 would better monitor future plume dynamics.

Western portion of the groundwater plume, between monitoring wells YSA14-GW01 and –GW02. The MIP data indicated that elevated CVOC concentrations only extend roughly 25 feet west of the discharge pipe. Using monitoring well YSA14-GW02 to define the plume may result in an overly conservative treatment area. 

Eastern portion of the groundwater plume. Monitoring well YSA14-GW03 had detectable levels of CVOCs above PRGs during the groundwater RI. Although the MIP data indicated that elevated CVOC concentrations are not present approximately 70 feet to the east of this well, a permanent monitoring location is desired to evaluate future treatment effectiveness.

Downgradient portion of the groundwater plume. Additional monitoring points are required downgradient of the CVOC high-concentration area to assess the current leading edge of the plume and the change on concentration over distance (that in turn can be used to help estimate attenuation rates). 

Due to the site logistics (steep topography, wet low lying area, aboveground piping and fencing, concrete retaining walls, and underground utilities), drill rigs cannot be used in all areas of the Site 34. Therefore, a combination of groundwater monitoring wells and sediment pore water samples will be used to refine the downgradient plume extent. 

A monitoring well will be considered for installation as far downgradient as is feasible for a standard drill rig to access for concentration-distance data. 

Pore water samples will be considered to monitor the leading edge of the plume. Although surface water samples were collected during the groundwater RI to define the leading edge of the groundwater plume, sediment pore water samples are proposed for this investigation because they are considered to be a better indicator of actual concentrations in groundwater that may be discharging to surface water. 

Base of the Yorktown-Eastover aquifer. Currently, there are monitoring wells installed within the Eastover-Calvert confining unit at Site 34, but not at the base of the Yorktown-Eastover aquifer. Although the MIP data indicated that a clay lense within the Yorktown-Eastover aquifer is preventing vertical migration of CVOCs, groundwater data has not been collected at the base of the aquifer to verify CVOCs are not present. Therefore, an additional deep monitoring well will confirm whether CVOC concentrations are below screening levels or remedial goals at the base of the Yorktown-Eastover aquifer. One existing deep monitoring well (A14GW01A), installed in the Eastover-Calvert confining unit, shows that the dissolved CVOC plume has not migrated into the Eastover-Calvert confining unit.

Since only one round of geochemical data was collected in the past for natural attenuation evaluation, there is uncertainty as to whether these data are consistent with current conditions. Additional collection of water quality and geochemical parameters would benefit the FS evaluation of any alternatives that include MNA. 

In addition, groundwater analysis will help determine the presence or absence of the emerging contaminant 1,4-dioxane at Site 34, and whether it needs to be included in the groundwater FS. A human health toxicity value has recently become available for 1,4-dioxane and this constituent was not analyzed for in previous investigations. 1,4-dioxane is a solvent stabilizer that could have potentially been used to stabilize 1,1,1-trichloroethane (TCA). Although not identified as a COC, 1,1,1-TCA was detected in groundwater at low concentrations below the MCL during historical sampling at Site 34. Therefore, 1,4-dioxane is potentially  present in groundwater, even if 1,1,1-TCA has been degraded. 

Additional refinement of the subsurface lithology is desired to confirm the continuity of the clay lense that appears to be acting as a semi-confining layer and restricting downward vertical migration of CVOC contamination. While the clay and silt lense was visually observed in soil borings and by the EC probe (during the MIP investigation) within the vicinity of the groundwater plume, it was not observed at the soil boring for upgradient well A14GW04A. Additionally, even though the EC probe is considered an effective tool at identifying clays lithology in the subsurface, it is only a qualitative tool. Additional soil boring data will help refine the understanding of the clay lense (such as, the percentage of clay and other physical descriptions). Although there are no monitoring wells installed directly at the base of the Yorktown-Eastover aquifer, this is not identified as a data gap for several reasons. The MIP investigation results showed high ECD response (indicative of CVOC contamination) above the silt and clay lense with very low ECD readings directly below the clay lense. Therefore, the clay lense appears to be acting as a semi-confining layer and restricting downward vertical migration of CVOC contamination. Resultantly, groundwater TCE concentrations at monitoring wells AGW05/AGW05A show two orders of magnitude decrease between the shallow and intermediate zone well. Additionally, neither residual dense non-aqueous phase liquid (DNAPL) nor very high CVOC concentrations, which may result in a downward density-driven migration of contaminants, appear to be present. Typically, if there is a large mass of CVOCs in the subsurface it will migrate downwards and sorb into the top of the semi-confining layer. However, elevated ECD values were not observed within the clay lense or directly above it. The highest TCE concentration detected in groundwater at the site during the groundwater RI was 1,400 g/L, which is only approximately 0.1 percent of the solubility level for TCE. As groundwater in the Yorktown-Eastover aquifer moves south towards Felgates Creek, upward hydraulic gradients are assumed to be present, resulting in groundwater discharge to surface water. This would also limit downward contamination migration to the bottom of the aquifer. Even if CVOCs are present in groundwater at the bottom of the aquifer, this zone would not be included in a treatment scenario because concentrations would most likely be very low and most technologies would breach the clay lense that is currently restricting vertical migration. For these reasons, the vertical extent of the dissolved plume is considered to be adequately defined to complete a groundwater FS for the site.
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[bookmark: _Toc377476251]Project Statement and Objectives

The objective of this investigation is to close identified data gaps as follows:

Confirm that soil contamination is not present in the vicinity of Building 537 and its associated piping that could present a source to groundwater, thereby impacting remedy effectiveness

Determine whether historical activities at Building 537 and its associated piping have impacted sediment within the wetland area, outside of the removal action footprint, in a manner that would warrant additional remedial action 

Further define the extent of mercury potentially present in sediment in the vicinity of a groundwater  RI sediment sample located in the wetland area near the edge of a previous removal action to determine if addition remedial action is warranted

Further refine the chlorinated solvent plume at Site 34 through the collection and analysis of groundwater and sediment pore water samples to develop target treatment areas for FS evaluation and evaluate changes in concentrations over distance for attenuation estimates

Collect current water quality and geochemical parameter data to evaluate natural attenuation processes during FS alternative evaluation 

Determine the presence or absence of the emerging contaminant 1,4-dioxane in groundwater at Site 34, and whether it needs to be included in the groundwater FS

Further refine the subsurface lithology of a semi-confining clay lense for FS alternative evaluation

[bookmark: _Toc377476253]What are the environmental questions being answered?

What, if any, potential source areas or preferential pathways of contamination are present in soil upgradient of the discharge pipe, and do the concentrations in these source areas pose an unacceptable risk or act as a continuing source to groundwater?

A remedial action for soil was conducted in 2007 in the area down-slope of the discharge pipe. Additional soil data are necessary to fully characterize the current site conditions in the vicinity of Building 537, close identified data gaps, and to verify there is no remaining source of contamination in soil upgradient of the discharge pipe area previously investigated and remediated. Additional evaluation is also needed to determine if there is a remaining source of contamination, whether this poses a potential source to groundwater due to leaching, and whether there are concentrations at levels of concern for human or ecological receptors. 

Does 1,4-dioxane exist at levels exceeding screening criteria in groundwater and surface water? 

Additional groundwater data are necessary to determine if 1,4-dioxane needs to be included in the groundwater FS since this parameter was not previously analyzed. 1,4-dioxane is a solvent stabilizer that can be used to stabilize 1,1,1-TCA. Since 1,1,1-TCA  was detected at low levels during historical sampling at Site 34, 1,4-dioxane is potentially present in groundwater, even if 1,1,1-TCA levels have been degraded. 

Is the CVOC groundwater plume sufficiently characterized to evaluate and compare treatment technologies and to estimate treatment timeframes? 

Additional groundwater data are necessary to further refine the distribution of the groundwater plume, identify changes in the extent of the groundwater plume (stable, migration, or regression) since the groundwater RI, and to close identified data gaps in support of an FS for groundwater at Site 34. In addition, the collection of sediment pore water data at the downgradient extent of the groundwater plume will be utilized to define the leading edge of the plume and evaluate potential contaminated groundwater discharge to sediment and surface water.  

What is the potential for natural attenuation to occur at Site 34 based on current conditions?

During initial review of the draft Groundwater FS, the Team indicated the desire for additional data to support an MNA alternative or inclusion of MNA as a remedy element. Additional collection of geochemical and microbial data is necessary to have greater confidence in the RI geochemical data and adequately evaluate MNA potential.

Is the clay lense in the Yorktown-Eastover aquifer continuous in the vicinity of the groundwater plume or do preferential pathways for vertical migration exist which would need to be addressed in the groundwater FS? 

Additional lithologic data are necessary to further refine the continuity of the semi-confining clay lense that is restricting downward vertical migration of CVOC contamination distribution of the groundwater plume. Additional soil boring data will help confirm if the clay lense is continuous in the area of the groundwater plume and/or if preferential pathways may exist.   

Have mercury concentrations at sediment sample location YSA14-SD04 changed following the 2007 removal action?

YSA14-SD04 is a surface sediment sample that was collected from the site and analyzed for mercury during the 2011 groundwater RI. An additional sediment sample will be collected at this location and analyzed for mercury to determine the current concentration.

What is the extent of mercury contamination in sediment near YSA14-SD04, and do the mercury concentrations pose a risk?

Additional sediment data are necessary to adequately characterize mercury concentrations in the vicinity of YSA14-SD04 and to assess the potential risks associated with mercury in sediment from this area of the wetland.

If potential source areas are present in soil upgradient of the discharge pipe, could have contaminants migrated via historical runoff to wetland sediment, outside of the removal area, and do those concentrations pose a risk? 

If soil in the vicinity of Building 537 is identified as a potential source area, then additional sediment data are necessary to assess the potential risks associated with soil COPCs in wetland sediment outside of the removal action footprint.

The following work is proposed to answer these environmental questions:

Eight co-located surface (0 to 6 inches) and subsurface (6 to 24 inches) soil samples and four additional subsurface soil samples will be collected from locations in the vicinity of Building 537, the upslope area by the bunkers, on the south side of the road, and from beneath the floor of Building 537, as presented on Figure 8. The additional subsurface soil samples will be collected from approximately 3 feet bgs, consistent with the depth of the buried discharge pipe.  This depth may change based on field conditions encountered during sampling. Soil samples will be analyzed for SVOCs, VOCs, explosives including nitroglycerin (NG) and pentaerythritol tetranitrate (PETN), metals, mercury, and cyanide. Some soil samples will also be analyzed for Total Organic Carbon (TOC), pH, and grain-size.

Eleven Twelve groundwater samples will be collected from seven existing monitoring wells and fiveour new monitoring wells, as shown on Figure 5. The fivefour new monitoring wells are proposed at the following locations: 

YS34GW06: Approximately 45 feet to the northeast of monitoring well YSA14-GW03 to refine the eastern, sidegradient edge of the groundwater plume. CVOCs were detected in monitoring well YSA14-GW03 at concentrations above their PRGs. However, based on MIP data during the groundwater RI, the plume is not anticipated to extend significantly further east past this well. In addition, the ground topography increases in elevation to the east. Since the groundwater flow direction in the Yorktown-Eastover aquifer tends to mimic the topography at this site, it is likely that groundwater tends to flow back in towards the site in this area (that is, to the west), limiting the sidegradient extent of the plume. Resultantly, this proposed monitoring well would also refine the groundwater flow gradient in this area of the site. 

YS34GW07: Approximately 40 feet to the north of monitoring well YSA14-GW03 to refine the northern, upgradient edge of the groundwater plume. This proposed monitoring well would also provide “background” data for MNA evaluation and refine the groundwater flow gradient. 

YS34GW08: Approximately 55 feet to the west of monitoring well YSA14-GW01 to refine the western, sidegradient of the plume. The MIP data indicated that elevated CVOC concentrations only extend roughly 25 feet west of the discharge pipe. This monitoring well location will help refine target treatment areas for the FS evaluation.

YS34GW09: Approximately 30 feet downgradient to the east of monitoring well YSA14-GW01 to refine the extent of the CVOC high-concentration area. Due to site logistics, a drill rig cannot be used to install a well on the steep slope downgradient of the discharge. The proposed well location is intended to represent the furthest downgradient location that can be reached by a standard drill rig. Even though this monitoring well is close to monitoring wells YSA14-GW01 and –GW05, it will provide data that can be used to refine the groundwater treatment areas and assess future treatment performance. It may also be used to estimate attenuation rates by providing additional concentration data along the length of the plume. 

YS34GW09A: Adjacent to proposed well YS34GW09 at the bottom of the Yorktown-Eastover aquifer to refine the vertical extent of the CVOC plume. Although the MIP investigation provided semi-qualitative data that CVOC concentrations are low or not detected below the clay, a permanent monitoring well will provide more quantitative concentration data.   

The cross-section figures (Figures 6 and 7) depict the location of the groundwater plume relative to the fiveour new monitoring well locations. Soil samples with be collected for lithologic logging at each of these locations. Soil borings for YS34GW07 and YS34GW09A will extend to the Eastover-Calvert confining unit. Soil borings for YS34GW06 and YS34GW08 will extend to the top of the clay lense, if present. The soil boring for YS34GW09 will only extend to the well bottom (approximately 1 to 2 feet above the clay lense) since lithologic data will be collected at the adjacent boring (YS34GW09A) to the Eastover-Calvert confining unit.  

The groundwater samples will be analyzed for the groundwater COCs identified in the RI for groundwater at Sites 8 and 34 (CH2M HILL, 2011) that exceeded MCLs  and CVOC degradation products (TCE, cis- and trans-1,2-DCE, vinyl chloride [VC], 1,1-DCE, 1,1-DCA, and chloroethane), and field water quality parameters (dissolved oxygen [DO], oxidation-reduction potential [ORP], pH, salinity, specific conductivity, temperature, and turbidity). Some groundwater samples will also be laboratory analyzed for dehalococcoides (DHC) and functional genes, TOC, alkalinity, methane, nitrate, nitrite, sulfate, and sulfide as listed in Table 7-2. Ferrous iron analysis will be performed in the field. In addition, some groundwater samples will be analyzed for the presence or absence of the emerging contaminant 1,4-dioxane, which is also listed in Table 72.

Two sediment pore water samples will be collected from the approximate locations shown on Figure 5 within Felgates Creek and the wetland area. The pore water samples will be analyzed for the groundwater COCs identified in the RI for groundwater at Sites 8 and 34 (CH2M HILL, 2011) and CVOC degradation products (TCE, cis- and trans-1,2-DCE, VC, 1,1-DCE, 1,1- DCA, and chloroethane), and methane, ethane, and ethene (MEE).

One surface (0 to 4 inches) sediment sample will be collected from historical location YSA14-SD04. Sediment samples from five seven additional points within a 25-foot radius of the original sample location will also be collected to the west and east of historical location YSA14-SD04, preferentially along north-south running drainages, as shown on Figure 8. The northeastern-most sample should be collected at the head of the drainage. The sediment samples will be analyzed for mercury to delineate the spatial extent of mercury.  In addition, five secondary samples between the 25-foot radius and a 50-foot radius from the original sample location will be collected.  These five secondary samples will be held and will only be analyzed in the event the primary samples exceed the ESVs (0.15 mg/kg) or Regional Screening Levels (RSLs) (7.8 mg/kg), and site-specific background (0.27 mg/kg). Only the secondary sample associated with or near the primary sample location exceedance will be analyzed by the laboratory. 

[bookmark: _Toc377476254]Sediment samples will be collected in topographically low areas within the wetland, which will comprise locations below an approximate 3-foot elevation (local tidal range). In addition, samples will not be collected within 5 feet of the previous removal action area. The previous removal action boundary will be marked-out in the field to determine the 5-foot boundary prior to choosing sample locations in the field. The proposed locations depicted on Figure 8 are approximate. Actual sampling locations will be field-determined prior to the sampling event and the locations of the drainages have been identified. The Yorktown Ecological Subgroup will be invited to participate in selecting the sampling locations. The sediment samples will be analyzed for mercury to delineate the spatial extent of mercury. In addition, sediment samples will be analyzed for any constituents identified as COPCs during the soil sampling portion of the data gap investigation, if necessary. If soil in the vicinity of Building 537 is not identified as a potential source of contamination, then sediment samples will only be analyzed for mercury.

What types of data are needed? 

Groundwater, sediment pore water, sediment, and soil sample data are required for this project. All analytical samples will be submitted to an offsite subcontracted laboratory for analysis. Refer to Section 6 for sampling rationale and Section 7 for project implementation and sample details. Section 4 contains detailed information on the types of data needed for this project, including sample locations and sample depth intervals.  

[bookmark: _Toc377476255][bookmark: _Toc308181210]What are the Project Action Limits? 

The PALs for groundwater, sediment pore water, sediment, and soil are presented as follows:

Groundwater and sediment pore water:

Groundwater human health PALs are the lower of the MCLs and the tap water Regional Screening Levels (RSLs). The tap water RSLs based on non-carcinogenic effects are adjusted by dividing by 10 to account for exposure to more than one constituent with the same target organ.  

The human health sediment pore water PALs are the tap water RSLs adjusted as groundwater by multiplying by 10. The tap water RSLs based on non-carcinogenic effects are adjusted by dividing by 10 to account for exposure to more than one constituent with the same target organ.  

Groundwater and pore water ecological PALs are marine surface water ESVs from the literature.

Sediment:

Sediment human health PALs are the adjusted USEPA residential soil RSLs multiplied by 10 in order to account for exposure to sediment which would be much lower than exposure to soil. Note that the residential soil RSLs were adjusted by dividing the RSLs based on non-carcinogenic effects by 10 to account for exposure to multiple constituents that may affect the same target organ. Consequently, PALs based on human health risk for non-carcinogens are the unadjusted RSLs because the adjustments for exposure counter the adjustments for cumulative effects, and PALs based on carcinogenic effects are 10 times the RSLs. In particular, the sediment human health PAL for mercury is the residential soil RSL for methyl mercury (RSL is divided by 10 for non-cancer endpoint, but multiplied by 10 to adjust soil RSL to sediment, based on USEPA Region 3 risk assessment practices). 

In consideration of the salinity of the creek, the sediment ecological PALs are marine surface water ESVs from the literature. In particular, the sediment ecological PAL for mercury is the marine sediment ESV for mercury (as used in the RI; a marine ESV was used based upon the measured salinity from the RI).

The site-specific background concentrations in sediment are the maximum value from six site-specific background samples collected in the upper portion of Felgates Creek as part of the groundwater RI (CH2M HILL, 2011).

Soil:

Soil human health PALs are the residential soil RSLs; the residential soil RSLs based on non-carcinogenic effects are adjusted by dividing by 10 to account for exposure to more than one constituent with the same target organ.

The applicable background concentrations in soil are the WPNSTA Yorktown Base-Wide Background 95 Percent Upper Tolerance Limits (UTLs) for surface and subsurface soil (CH2M HILL, 2011). 

Soil ecological PALs are Ecological Soil Screening Level (Eco-SSL) values for plants and soil invertebrates and other values from the literature; ecological PALs will only be applied to surface soil (0 to 6 inches bgs) and shallow subsurface soil (6 to 24 inches bgs).

While the soil leaching to groundwater Soil Screening Levels (SSLs) are not considered PALs for this investigation, the presence of VOC contamination at levels greater than SSLs will be considered when determining whether there is an existing soil source of VOCs to groundwater at the site. Because no other chemicals other than VOCs have been determined to be of concern in groundwater, SSLs will not be considered for other soil analytes. 

PALs are compared to laboratory-specific reporting limits (RLs) in the Reference Limits and Evaluation in Tables, Tables 8-1 through 8-11. In the instance that the laboratory Limit of Detection (LOD) for a specific constituent is greater than the corresponding PAL, any detection of this constituent above a corresponding 95 percent background UTL will be considered potentially site-related. In efforts to reach lower limits, the laboratory will report concentrations between the Limit of Quantitation (LOQ) and the Detection Limit (DL); however, these results will be of estimated quantitation. These results will have a J qualifier applied to them to indicate that they are quantitative estimates.

Detections are defined as any concentration detected above the DL; in the instance that the DL is greater than the PAL or background value, any detection will be an exceedance. Non-detects will be reported at the LOD, a value between the LOQ and the DL. In the instance that the laboratory LOD for a specific constituent is greater than the corresponding PAL or background value, non-detects will be reported at a value greater than the PAL or background value; however, non-detects will not be considered exceedances. In order for a constituent to be considered site-related, the detection must be greater than the PAL and background value (if one exists). 

In addition to PALs, Project indicator Limits (PILs) for groundwater were established to assist with determining whether natural attenuation is occurring at the site. In order for geochemical parameter data to be meaningful, typically, more than one round of data is necessary. Therefore, it is anticipated that the most thorough evaluation will be of the results for the existing wells that have been sampled previously. However, data from the new wells may also be used in future evaluations. PILs will be evaluated as a whole, as no individual parameter represents a definitive summary of site conditions. The parameters, their associated PILs, and explanation for inclusion are shown in Table 4-1.
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[bookmark: _Toc336538355]Project Indicator Limits



		Parameter

		PIL

		Justification



		DHC

		>103 cells per milliliter (ml) or presence/absence

		While >10^3 cells per ml is indicative of conditions optimal for reductive dechlorination, the presence (detection) of DHC can indicate condition favorable for slower rates of natural attention or conditions favorable for enhanced reductive dechlorination (ERD).



		Functional Genes

		Presence/absence

		The presence of TCE and VC reducing genes, TCE reductase, VC reductase, and BAV 1 are helpful in determining whether reductive dechlorination can occur at a site without adding microbial amendments.



		Methane

		> 0.5 milligram per liter (mg/L)

		Elevated methane levels are expected to be seen under highly reducing conditions as a byproduct of degradation by methanogenic bacteria and are a positive indicator that degradation of VOCs and some explosives can occur. 



		Ethane

		To be used as baseline data in the event that an MNA or ERD alternative is selected

		Data will be collected in the event that a natural attenuation or enhanced biological remedy is later needed for the site. Enhanced biological treatment methods result in increasing ethane concentrations as chlorinated ethenes are converted to ethene and ethane.



		Ethene

		To be used as baseline data in the event that an MNA or ERD alternative is selected

		Data will be collected in the event that a natural attenuation or enhanced biological remedy is later needed for the site. Enhanced biological treatment methods result in increasing ethene concentrations as chlorinated ethenes are converted to ethene and ethane.



		Ferrous Iron

		> 1 mg/L

		Elevated concentrations indicate the activity of iron-reducing bacteria and are a positive indication that reductive dechlorination of VOCs may be occurring.



		Sulfate

		< 20 mg/L

		If sulfur compounds are present in the aquifer, higher concentrations of sulfate may compete with the reductive dechlorination pathway. Therefore, ideal conditions for anaerobic biodegradation typically require low sulfate levels.



		Sulfide

		> 1 mg/L

		If sulfur compounds are present in the aquifer, higher concentrations of sulfide are more favorable to reductive dechlorination. Therefore, ideal conditions for anaerobic biodegradation typically require higher sulfide levels.



		TOC

		> 20 mg/L

		TOC is an indicator of the total amount of organic matter available to microbial communities to use as a carbon source in the degradation of VOCs. Increasing TOC concentrations are a positive indicator of natural attenuation potential.



		Nitrate

		Low in comparison to nitrite concentration

		Nitrate competes with contaminants as an electron acceptor; therefore, low concentrations of nitrate are needed under ideal conditions for reductive dechlorination. Under reducing conditions, nitrate is reduced to nitrite, so optimal conditions for anaerobic biodegradation are indicated by lower concentrations of nitrate and higher concentrations of nitrite. 



		Nitrite

		High in comparison to nitrate concentration

		Nitrate competes with contaminants as an electron acceptor; therefore, low concentrations of nitrate are needed under ideal conditions for reductive dechlorination.  Under reducing conditions, nitrate is reduced to nitrite, so optimal conditions for anaerobic biodegradation are indicated by lower concentrations of nitrate and higher concentrations of nitrite. 



		Chloride

		Baseline value to later determine increasing trend

		Chloride data will be collected in the event that a natural attenuation or enhanced biological remedy is later needed for the site. Enhanced biological treatment methods that reduce aquifer conditions are generally expected to result in increasing concentrations of chloride, if chlorinated compounds are being degraded. 



		Alkalinity

		> 50 mg/L

		A measurement of the available buffering capacity against pH change, which can affect the rate of degradation of chemicals. Low alkalinity may indicate that pH conditions are less optimal for reductive dechlorination and a pH buffer may be needed as an amendment if reductive dechlorination is selected as a remedy



		pH

		No numerical PIL – pH will be used for interpretation of other data 

		pH is an important factor related to mobility of certain chemicals. pH data will be used to determine the potential for certain treatments, as wells as to determine the mobility of chemicals detected at the site



		Grain-size

		No numerical PIL – Grain-size will be used for interpretation of other data 

		Grain-size data are used to help determine sample comparability and assist in risk evaluation







[bookmark: _Toc377476256]For what will the data be used? 

The groundwater data will be used for further refinement of the chlorinated solvent plume at Site 34 to develop target treatment areas for FS evaluation and evaluate changes in concentrations over distance for attenuation estimates. Groundwater data will also be used to determine the presence or absence of the emerging contaminant 1,4-dioxane at Site 34, and whether it needs to be included in the groundwater FS. Lithology data will also be used to develop target treatment areas for FS evaluation and assess potential limitations in applying treatment technologies to the site. 

The sediment data will be used to determine the extent of mercury contamination near YSA14-SD04 and whether unacceptable human health or ecological risks are associated with exposure to these mercury concentrations. If necessary, sediment data will also be used to determine if constituents in soil near Building 537 may have historically migrated via runoff to the wetland area, outside of the removal area, and whether there are potentially unacceptable risks associated with exposure to these constituent concentrations. These results will be used to determine whether additional action or investigation is necessary or if NFA is appropriate for sediment at Site 34. 

The soil data will be used to determine whether there is a remaining source of contamination in upgradient soil and if these concentrations pose an unacceptable risk to human or ecological receptors. This soil data will also be used to verify that there is no contamination beneath the buildings after decontamination from the building contents.  

[bookmark: _Toc377476257]Where, when, and how should the data be collected or generated? 

Detailed information on where, when, and how the data will be collected is provided in Section 3. 

[bookmark: _Toc377476258]How will the data quality be evaluated?

Results will be evaluated against the PALs to determine if there is a need for further action at the site. Specific data verification and validation steps are detailed in Table 11-1, Data Verification and Validation (Steps I and IIa/IIb) Process Table. In general:

Samples in which analytes are not detected will be evaluated to ensure that Project Quantitation Limit (PQL) goals in Reference Limits and Evaluation Tables (Table 8-1 through 8-10) were achieved. If PQLs were achieved and the verification and validation steps yielded acceptable data, then the data are considered usable. 

To assess whether a sufficient quantity of acceptable data are available for decision-making, the data will be reconciled with Measurement Performance Criteria (MPC) following validation and review of Data Quality Indicators (DQIs). 

Deviations from the SAP will be reviewed to assess whether CA is warranted and to assess impacts to the achievement of project objectives.

[bookmark: _Toc377476259]How will the data usability be documented?

The PM, PC, DV, and other Team members will be responsible for compiling the data. The data will then be presented to the Team, who, as a whole, will evaluate the data usability according to project objectives. 

Data usability will be documented in data tables and discussed in the data quality evaluation, both of which will be provided as part of a technical memorandum. Data tables will reflect the reported concentrations of analytes, whether the analytes were detected, and what, if any, data qualifiers accompany the results. Results that are determined to be unusable during data validation will be qualified with an R. The data quality evaluation will discuss the use of specific data qualifiers and their impact on decision-making, the overall quality of the data set, and any data usability limitations determined by the Team.

[bookmark: _Toc377476260]What are the Data Quality Objectives?

In general, quantifiable analytical results will be the primary basis for project decisions. The LOQ, which is defined as the minimum concentration or quantity of a target analyte that can be reported with accurate quantitation, will be the metric to define whether an analytical result is quantifiable.  

Groundwater:

If constituents in groundwater collected from new or existing perimeter wells or in sediment pore water samples are quantifiable and detected at concentrations less than the lower of 10 times the MCL, 10 times the adjusted RSL for tap water, or 10 times the ESV, then the southern groundwater plume extent has been defined. 

If any perimeter well constituents exceed the screening criteria, the Team will determine the significance of the magnitude and areal extent of exceedances, and whether or not the groundwater plume extent has been adequately delineated.  

If concentrations of 1,4-dioxane are not detected at levels exceeding risk-based screening levels, then no further evaluation will be necessary for this constituent and remedial alternatives evaluated in the FS will not consider it. 

If concentrations of 1,4-dioxane are detected at levels exceeding risk-based screening values, the need for additional risk assessment will be discussed with the Team. If the Team determines that exceedances of risk-based screening values are insignificant such that no risk assessment is necessary, then the FS will not consider remediation of 1,4-dioxane. However, if significant unacceptable risk associated with 1,4-dioxane is identified, then the remedial alternatives evaluated in the FS will address this constituent.

Soil:

If constituent concentrations in soil are quantifiable and detected at concentrations less than the adjusted residential soil RSL or the background soil 95 percent UTL, then the constituents do not pose an unacceptable risk to human health. If constituent concentrations in soil are quantifiable and detected at concentrations less than the ESV (for surface soil) or the background soil 95 percent UTL, then the constituents do not pose an unacceptable ecological risk. In these instances, it will be concluded that the concentrations of constituents in soil do not pose an unacceptable risks and NFA will be recommended for the site with respect to soil. If any constituents exceed the screening criteria and background soil 95 percent UTLs, the Team will determine if further investigation or remedial action is necessary.  

Sediment:

If mercury and any soil COPC concentrations in sediment at all primary samples are quantifiable and detected at concentrations less than the ESV and the RSL, then no analysis of the secondary samples is necessary and the laboratory may discard them.  It it will be concluded that the spatial extent of mercury contamination in sediment has been delineated, there are no unacceptable risks from exposure to sediment, and NFA will be concluded for the site with respect to sediment. 

If mercury or any soil COPC concentrations in any of the primary samples isare greater than the ESVs or RSLs, then the concentration from the sample with the exceedance will be compared to the site-specific background (herein referred to as background) concentrations for samples collected upstream in Felgates Creek established during the RI. If concentrations in the sample with the exceedance are less than the background concentration, then no analysis of the associated secondary sample is necessary and the laboratory may discard them.  In that case, it will be concluded that the concentrations of these constituents are not site related and do not pose an unacceptable risk above site-specific background levels, and NFA will be recommended for the site with respect to sediment.  

If mercury or any soil COPC concentrations are greater than the background level in any primary samples, then the secondary samples associated with or near the primary sample location exceedance will be analyzed by the laboratory. If all secondary sample concentrations are quantifiable and below the LOQ, and are less than the ESV and RSL, it will be determined that the spatial extent of mercury contamination in sediment has been delineated in the secondary sample locations. The Team will determine the significance of the magnitude and areal extent of exceedances in the primary sediment samples, and if whether additional investigation is necessary to delineate mercury contamination.   

If any secondary sample results are greater than the ESV or RSL, then the concentrations will be compared to background concentrations.  If the concentrations are less than background, it will be determined that the spatial extent of mercury contamination in sediment has been delineated. The Team will determine the significance of the magnitude and areal extent of exceedances in the primary sample, and if additional action or investigation is necessary.  If any secondary samples are greater than background, it may be determined that the spatial extent of mercury contamination has not been delineated.  The Team will determine the significance of the magnitude and areal extent of exceedances in the primary and secondary samples, and if additional investigation is necessary to delineate mercury contamination.
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[bookmark: _Toc145834565][bookmark: _Toc161544734][bookmark: _Toc145900438][bookmark: _Toc221673274][bookmark: _Toc251054726][bookmark: _Toc377476261]Field Quality Control Samples

Details regarding the types, frequency, and evaluation of field QC samples are provided in the MPC Tables for Field QC Samples (Tables 5-1 through 5-7).

[bookmark: _Toc308691270][bookmark: _Toc310848310][bookmark: _Toc333767088][bookmark: _Toc336515930][bookmark: _Toc336538356]Table 5-1

[bookmark: _Toc336538357]Measurement Performance Criteria Table for Field QC Samples

Matrix:  Sediment

Analytical Group:  Mercury

Concentration Level:  Medium

		QC Sample

		Analytical Group

		Frequency

		DQIs

		MPC



		Field Duplicates

		Mercury

		One per 10 field samples

		Precision

		Relative Percent Difference (RPD) < 20%



		Equipment Rinseate Blank

		

		One per week of sampling

		Bias / Contamination

		All target compounds <1/2 LOQ



		Cooler Temperature Blank

		

		One per cooler to the laboratory

		Representativeness

		< 6 degrees Celsius (°C)







[bookmark: _Toc333767090][bookmark: _Toc336515932][bookmark: _Toc336538358]Table 5-2

[bookmark: _Toc336538359]Measurement Performance Criteria Table for Field QC Samples

Matrix:  Groundwater and/or Pore Water1

Analytical Group:  VOCs and MEE

Concentration Level:  Medium

		QC Sample

		Analytical Group

		Frequency

		DQIs

		MPC



		Field Duplicates

		VOCs and MEE

		One per 10 field samples

		Precision

		RPD < 30%



		Equipment Rinseate Blank

		

		One per week of sampling

		Bias / Contamination

		All target compounds <1/2 LOQ



		Trip Blank

		

		One per cooler to the laboratory

		Bias / Contamination

		All target compounds <1/2 LOQ



		Cooler Temperature Blank

		

		One per cooler to the laboratory

		Representativeness

		< 6 °C





1 Field QA/QC will be collected separately for each matrix listed.



Table 5-3

Measurement Performance Criteria Table for Field QC Samples

Matrix:  Groundwater

Analytical Group:  1,4-Dioxane

Concentration Level:  Medium

		QC Sample

		Analytical Group

		Frequency

		DQIs

		MPC



		Field Duplicates

		1,4-Dioxane

		One per 10 field samples

		Precision

		RPD < 30%



		Equipment Rinseate Blank

		

		One per week of sampling

		Bias / Contamination

		All target compounds <1/2 LOQ



		Cooler Temperature Blank

		

		One per cooler to the laboratory

		Representativeness

		< 6 °C







[bookmark: _Toc333767092][bookmark: _Toc336515934][bookmark: _Toc336538360]Table 5-4

[bookmark: _Toc336538361]Measurement Performance Criteria Table for Field QC Samples

Matrix:  Groundwater

Analytical Group:  Wet Chemistry and/or Microbial1

Concentration Level:  Medium

		QC Sample

		Analytical Group

		Frequency

		DQIs

		MPC



		Cooler Temperature Blank

		Wet Chemistry and/or Microbial1

		One per cooler to the laboratory

		Representativeness

		< 6 °C





1 Field QA/QC as described in this table will be collected and analyzed for each of the analytical groups listed.



[bookmark: _Toc333767094][bookmark: _Toc336515936][bookmark: _Toc336538362]Table 5-5

[bookmark: _Toc336538363]Measurement Performance Criteria Table for Field QC Samples

Matrix:  Surface Soil,  and Subsurface Soil, and Sediment1 (tentative)

Analytical Group:  VOCs, SVOCs, and/or Explosives 2

Concentration Level:  Medium or Low	

		QC Sample

		Analytical Group

		Frequency

		DQIs

		MPC



		Field Duplicates

		VOCs, SVOCs, and/or Explosives2

		One per 10 field samples

		Precision

		RPD < 30%



		Equipment Rinseate Blank

		

		One per week of sampling

		Bias / Contamination

		All target compounds <1/2 LOQ



		Cooler Temperature Blank

		

		One per cooler to the laboratory

		Representativeness

		< 6 °C



		1 Field QA/QC will be collected separately for each matrix listed.



		2 Field QA/QC as described in this table will be collected and analyzed for each of the analytical groups listed.







[bookmark: _Toc333767096][bookmark: _Toc336515938][bookmark: _Toc336538364]Table 5-6

[bookmark: _Toc336538365]Measurement Performance Criteria Table for Field QC Samples

Matrix:  Surface Soil,  and Subsurface Soil, and Sediment1 (tentative)

Analytical Group:  Metals

Concentration Level:  Medium or Low	

		QC Sample

		Analytical Group

		Frequency

		DQIs

		MPC



		Field Duplicates

		Metals

		One per 10 field samples

		Precision

		RPD < 20%



		Equipment Rinseate Blank

		

		One per week of sampling

		Bias / Contamination

		All target compounds <1/2 LOQ



		Cooler Temperature Blank

		

		One per cooler to the laboratory

		Representativeness

		< 6 °C



		1 Field QA/QC will be collected separately for each matrix listed.







[bookmark: _Toc333767098][bookmark: _Toc336515940][bookmark: _Toc336538366]Table 5-7

[bookmark: _Toc336538367]Measurement Performance Criteria Table for Field QC Samples

Matrix:  Surface Soil,  and Subsurface Soil, and Sediment (tentative)

Analytical Group:  Wet Chemistry

Concentration Level:  Medium

		QC Sample

		Analytical Group

		Frequency

		DQIs

		MPC



		Cooler Temperature Blank

		Wet Chemistry

		One per cooler to the laboratory

		Representativeness

		< 6 °C









Table 5-8

Measurement Performance Criteria Table for Field QC Samples

Matrix:  Sediment 

Analytical Group:  Acid Volatile Sulfide (AVS)/ Simultaneously Extracted Metals (SEM) (tentative)

Concentration Level:  Medium

		QC Sample

		Analytical Group

		Frequency

		DQIs

		MPC



		Cooler Temperature Blank

		AVS/SEM

		One per cooler to the laboratory

		Representativeness

		< 6 °C
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[bookmark: _Toc377476262]Sampling Design and Rationale

A description of the sampling design and rationale is provided as follows. The Yorktown Partnering Team (including requirements of the USEPA) has discussed and agreed to the proposed sampling design for Site 34 as presented. Figures 5 and 8 present the approximate locations of the proposed samples for groundwater, sediment pore water, sediment, and soil; the actual locations will be field-determined. The proposed samples for Site 34 include:

Water level measurements

Twelve Eleven groundwater samples

Two sediment pore water samples

Six primaryEight sediment samples

Five secondary sediment samples

Eight co-located surface and subsurface soil samples 

Four subsurface soil samples

Duplicate samples

Matrix Spike (MS)/Matrix Spike Duplicate (MSD) samples

Equipment blanks 

Investigation-derived waste (IDW) samples

Water Level Measurements:  A water level survey will be completed to further evaluate groundwater flow direction at the site. A complete round of water level measurements will be collected from each of the monitoring wells prior to groundwater sample collection. Water levels will also be recorded from the monitoring wells during sample collection; depth to water and time measured will be recorded in the field logbook.

Groundwater Samples: TwelveEleven groundwater samples will be collected as part of an additional round of groundwater data that will be used to further characterize the groundwater plume, demonstrate whether MNA is a viable remedial alternative or remedy element, adequately assess and evaluate degradation timeframes and determine the presence or absence of 1,4-dioxane. The groundwater samples will be collected from fiveour new groundwater monitoring wells to be installed (YS34GW06, YS34GW07, YS34GW08, and YS34GW9, and YS34GW9A) and seven existing monitoring wells (A14GW01, A14GW01A, A14GW02, A14GW03, A14GW04A, A14GW05, and A14GW05A) (Figure 5). The groundwater samples will be sampled for the groundwater COCs identified in the RI for Groundwater at Sites 8 and 34 (CH2M HILL, 2011) and CVOC degradation products (TCE, cis- and trans-1,2-DCE, VC, 1,1-DCE, 1,1-DCA, chloroethane, ethene, and ethane), and field water quality parameters (DO, ORP, pH, salinity, specific conductivity, temperature, and turbidity). Some groundwater samples will also be analyzed for DHC and functional genes, TOC, alkalinity, nitrate, nitrite, sulfate, sulfide, and ferrous iron, as presented in the groundwater sampling approach (Figure 9). In addition, some groundwater samples will be analyzed for the presence or absence of the emerging contaminant 1,4-dioxane, which is also listed in Table 7-2.

Sediment Pore Water Samples: Two sediment pore water samples will be collected downgradient of the groundwater plume to further evaluate and characterize the extent of contamination present at Site 34, specifically groundwater discharging to sediment and surface water. It is assumed that pore water samples will be located within the wetland and Eastern Branch of Felgates Creek (see proposed locations on Figure 5). The pore water samples will be analyzed for the groundwater COCs identified in the RI for Groundwater at Sites 8 and 34 (CH2M HILL, 2011) and CVOC degradation products (TCE, cis- and trans-1,2-DCE, VC, 1,1-DCE, 1,1-DCA, chloroethane, ethene, and ethane).

Sediment Samples: Eight sediment samples will be collected in order to determine if sediment outside of the removal action footprint have been impacted by historical industrial activities at Site 34. All sediment samples will be surface samples, collected from 0 to 4 inches bgs. One sediment sample will be collected from the historical sample location YSA14-SD04. Seven sediment samples will be collected along two drainages, located to the west and east of this historical sample, as shown on Figure 8. The northeastern sample should be collected at the head of the drainage. Outside of the removal action footprint, these two drainages are considered to be the most likely pathway for runoff, or overland flow, from Building 537 and its associated piping into the wetland area. Final locations will be determined in the field and sediment will be preferentially collected from topographically low areas that exhibit deposition within the wetland; this will only include locations with less than an approximate 3-foot elevation (local tidal range).

Sediment samples will be collected after the soil sampling and analysis portion of this data gap investigation has been completed. This information will be used to determine the final analyte list for the sediment samples. At a minimum, all sediment samples will be analyzed for mercury to determine if concentrations have changed following the 2007 removal action and assess current risks. Currently, mercury is considered to be the only COC that was identified in previous human health and ecological risk evaluations (Baker, 2004; CH2M HILL, 2011) that may be posing unacceptable risks from exposure to sediment. All sediment samples will be analyzed for mercury using the SW-846 7471A/7470A method, which will provide quantifiable results below the PALs. To confirm that there have been no other impacts to wetland sediment outside of the removal action footprint, sediment samples will also be analyzed for any constituents identified as posing a potential risk during the soil portion of this data gap investigation. In this case, sediment samples would also be analyzed for TOC, pH, AVS/SEM, and grain-size. If the additional sediment samples are needed, samples will be analyzed using the methods listed in Table 7-2. 

Six primary sediment samples and five secondary sediment samples will be collected in order to delineate the spatial extent of potential mercury-contaminated sediment at Site 34.  All sediment samples will be surface samples, collected from 0 to 4 inches bgs. The primary sediment samples will be collected from the historical sample location YSA14-SD04 and five locations along a circle with a radius of 25 feet outward from YSA14-SD04, as shown on Figure 8. In addition, five secondary samples will be collected between the 25foot radius and a 50-foot radius, as shown on Figure 8, and held pending analytical results from the primary samples. 

Soil Samples:  Eight co-located surface and subsurface soil samples and four additional subsurface soil samples will be collected in order to gather information to assess potential source areas for contamination in groundwater at Site 34 and to determine if the soil is potentially acting as a continuing source of VOCs to groundwater. After additional delineation of groundwater contamination during the Groundwater RI, it was determined that direct discharge to the ground surface from Building 537 activities may have occurred in addition to releases from the discharge pipe leaving the building. The fill material surrounding the discharge pipe was also identified as a potential preferential pathway for contaminants, and further investigation is required to determine if any leaching to groundwater may have occurred in the vicinity of the discharge pipe. The Team determined that the one soil sample previously collected upgradient from the discharge pipe was not sufficient to adequately characterize the soil upgradient of the removal action area at Site 34; therefore, additional soil sampling is necessary. Surface and subsurface soil samples from beneath the floor of Building 537 and in the vicinity of Building 537, the bunkers upslope, and the south side of the road are being collected and analyzed to more fully characterize Site 34 and determine if any potential unacceptable risk is present at Site 34 from exposure to the soil; sample locations are shown on Figure 8.  

Surface soil samples will be collected from 0 to 6 inches bgs, and subsurface soil samples will be collected from 6 to 24 inches bgs. Subsurface soil samples beneath the road will be collected from approximately 3 feet bgs, consistent with the depth of the discharge pipe. This depth may change based on field conditions encountered during sampling. Soil samples will be analyzed for VOCs, SVOCs, explosives including NG and PETN, metals, mercury, and cyanide. Some soil samples will also be analyzed for TOC, pH, and grain-size.

Section 3 provides a detailed outline of the field methods to be performed.

[bookmark: _Toc377476263]Analytical Tasks and Data Management

The laboratories will maintain, test, inspect, and calibrate analytical instruments.

The laboratories will process and prepare samples for analysis.

The laboratories will analyze groundwater samples for TCE, cis- and trans-1,2-DCE, VC, 1,1-DCE, 1,1-DCA, chloroethane, ethene, and ethane. Some groundwater samples will also be analyzed for DHC and functional genes, TOC, alkalinity, nitrate, nitrite, sulfate, sulfide. 

The field Team will analyze some groundwater samples for ferrous iron in the field using field test kits (see Table 7-2).

The laboratories will analyze pore water samples for TCE, cis- and trans-1,2-DCE, VC, 1,1-DCE, 1,1-DCA, chloroethane, ethene, and ethane.

The laboratories will analyze all sediment samples for total mercury. Sediment samples will potentially be analyzed for VOCs, SVOCs, explosives including NG and PETN, metals, or cyanide if any of these constituent groups are identified as COPCs in soil in the vicinity of Building 537. If any of the soil COPCs are analyzed, then sediment samples will also be analyzed for TOC, pH, AVS/SEM, and grain-size. 

The laboratories will analyze soil samples for VOCs, SVOCs, explosives including NG and PETN, metals, mercury, and cyanide. Surface and shallow subsurface soil samples will also be analyzed for TOC, pH, and grain-size.

Management of data by CH2M HILL will be conducted according to the Comprehensive Long-term Environmental Action – Navy (CLEAN) Data Management Plan. 
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[bookmark: _Toc283626923][bookmark: _Toc306708422][bookmark: _Toc307409347][bookmark: _Toc377476264]Field Project Implementation (Field Project Instructions)

[bookmark: _Toc377476265]Project Logistics

Work will be performed in Level D personal protective equipment (PPE), which includes safety glasses, safety-toed boots, and impermeable gloves. Triggers for upgrades to higher levels of PPE will be presented in the Health and Safety Plan (HSP). Sampling efforts will be coordinated with WPNSTA Yorktown to minimize impacts to the installation.

[bookmark: _Toc377476266]Field Project Tasks 

Applicable Standard Operating Procedures (SOPs) for project tasks outlined in this section are listed in Table 7-1. There are no specialized SOPs or modifications to the standard SOPs required for this project. A temporary staging area (location to be determined [TBD] in the field) will be located onsite to store equipment, if necessary.

[bookmark: _Toc377476267]Base Passes

WPNSTA Yorktown is currently enrolled in the RAPIDGate Program. Subcontractors who are not enrolled in the RAPIDGate Program will be required to obtain temporary passes from the WPNSTA Pass and identification (ID) office. Vehicles belonging to subcontractors will be subject to inspections, unless the subcontractor is enrolled in the RAPIDGate Program.

[bookmark: _Toc377476268]Sample Location Selection

Prior to mobilization, members of the sampling Team will locate the proposed soil sampling and groundwater monitoring well locations in the field and determine if any of the sample locations need to be relocated from the proposed locations due to site conditions. While the locations of soil and sediment samples on Figure 8 can be used as a guide for the distribution of samples, specific sample locations will be identified in the field. Many factors will be used in determining the final sediment sampling locations, including site topography. Specific sediment samples will be collected in topographically low areas within the wetland where deposition is most likely to occur (such as unvegetated mudflats, which are generally at a lower elevation than vegetated wetlands). All locations selected will be staked out and will be recorded using a global positioning system (GPS). Members of the Yorktown Ecological Subgroup will be invited to the field to help in the selection of the sediment samples.

[bookmark: _Toc377476269]Mobilization

Following approval of the SAP, CH2M HILL will begin mobilization activities. Before mobilization, all field Team members will review this SAP and the project-specific HSP. A field Team kickoff meeting will be held to ensure that personnel are familiar with the scope of field activities and discuss any safety issues. Mobilization activities include coordination with base personnel and preparation of field equipment.

[bookmark: _Toc377476270]Utility Clearance

Utilities will be surveyed and marked before beginning intrusive activities. CH2M HILL will coordinate utility clearance with Miss Utility of Virginia and the base’s approving authority. Additionally, a separate utility clearance subcontractor will be procured to ensure the accuracy of the utility markings. Any proposed monitoring well locations in close proximity to utility locations will be relocated to avoid impact to utilities while continuing to meet the intent of the sampling rationale.

[bookmark: _Toc377476271]Monitoring Well Installation and Development

Fiveour new groundwater monitoring wells will be installed.  within the top of the Yorktown-Eastover aquifer.  Three of the new wells will be installed to approximately 30 feet bgs, and one well will be installed to approximately 45 feet bgs (due to a higher surface elevation at the well location). As discussed previously and shown on Figure 5, new monitoring wells are proposed at the following locations: slightly northwest of Building 537, northeast of monitoring well YSA14-GW03, west of monitoring well YSA14-GW01, and southeast of YSA14-GW01. Monitoring wells YS34GW06 through YS34GW09 will be installed within the top of the Yorktown-Eastover aquifer while monitoring well YS34GW09A will be installed at the bottom of the aquifer. Prior to monitoring well installation, continuous split-spoonsoil samples will be collected to the depth of the Yorktown confining unitfor lithologic logging. Soil borings for YS34GW07 and YS34GW09A will be advanced to the top of the Eastover-Calvert confining unit. Soil borings for YS34GW06 and YS34GW08 will be advanced to the top of the clay lense, if present. Since monitoring well YS34GW09 is adjacent to YS34GW09A, the soil boring will only be advanced 1 to 2 feet above the clay lense (based on the YS34GW09A boring). Monitoring well depths may be modified in the field based on the soil boring logs. A CH2M HILL geologist will observe and record soil descriptions that include grain-size, color, moisture content, consistency, soil structure, mineralogy, and other relevant information concerning contamination. The estimated soil boring and monitoring well depths are shown as follows; the estimated depths are variable due to the change in ground surface elevation across the site. 

		Well ID

		Estimated Soil Boring Depth
(feet bgs)

		Estimated Monitoring Well Depth
(feet bgs)



		YS34GW06

		45

		40



		YS34GW07

		80

		60



		YS34GW08

		40

		35



		YS34GW09

		40

		40



		YS34GW09A

		65

		65







Each new monitoring well will be installed using hollow stem auger (4.25-inch inside diameter) drilling methods and constructed with 2-inch inside-diameter schedule 40 polyvinyl chloride (PVC) screen and riser. The monitoring screen will be 20 feet long and machine slotted (0.010-inch slot width). Since the soil boring for monitoring well YS34GW07 will be advanced deeper than the vertical interval that the monitoring well will be screened and installed, the soil boring will be backfilled with silica filter sand to 1 foot below the shallow clay lense followed by a layer of bentonite clay chips to the top of the clay lense. Following this, the well will be constructed similar to the other monitoring wells. A silica filter pack will be placed around the annular space of each well screen from the bottom of the boring extending 2 feet above the top of the screen. A bentonite layer will be placed above the sandpack. After the bentonite has been hydrated, a cement-bentonite grout will be placed in the remaining annular space. The monitoring wells will be completed with a stickup casing with a watertight steel cover. A locking, watertight cap will be placed on the PVC pipe and the wells clearly marked. Wells will be surrounded with bollards and locked.  

Following installation, all new and existing wells will be surveyed by a registered surveyor, and all new wells will be developed. Each new monitoring well will be developed using a submersible pump. At least three well volumes of water will be removed, in addition to the amount of any water added during the installation process. Development will continue until water quality parameters have stabilized and turbidity has been reduced to the extent practicable. Development information, including turbidity, pH, specific conductivity, temperature, and gallons removed, will be recorded in the field logbook.  

[bookmark: _Toc377476272]Groundwater Sampling

Prior to groundwater sampling, a complete round of water levels will be recorded from the monitoring wells to be sampled (depth to water and time measured will be recorded in the field logbook). The fiveour newly installed monitoring wells and the seven existing monitoring wells will be sampled with a peristaltic pump using the straw method following low-flow sampling protocol. Water level measurements will also be collected at the start of sampling for each monitoring well. All groundwater samples will be collected in accordance with the SOP entitled Low-Flow Groundwater Sampling from Monitoring Wells (CH2M HILL, 2010a). Groundwater quality parameters (pH, specific conductance, turbidity, DO, temperature, salinity, and ORP) should be recorded and stabilized before a sample is collected. Prior to sampling, turbidity will be reduced to the greatest extent practicable. Ferrous iron will be field tested in order to assist in determining the oxidation/reduction state of the aquifer and the potential for certain types of contaminant degradation. Field testing will be completed using a colorimetric test kit manufactured by HACH. A specified amount of groundwater is added to a prepared reagent and the color-changed water is compared against a reference color wheel to determine the approximate ferrous iron concentration in the prepared groundwater. 

The groundwater sampling approach is presented on Figure 9. All of the monitoring wells will be sampled for the groundwater COCs identified in the RI for groundwater at Sites 8 and 34 (CH2M HILL, 2011) and CVOC degradation products (TCE, cis- and trans-1,2-DCE, VC, 1,1-DCE, 1,1-DCA, chloroethane, ethene, and ethane), and field water quality parameters (DO, ORP, pH, salinity, specific conductivity, temperature, and turbidity). In addition, six seven of the wells (A14GW01, A14GW03, A14GW05, YS34GW07, YS34GW08, YS34GW09, and YS34GW09A) will be sampled for geochemical and natural attenuation parameters (alkalinity, TOC, nitrate, nitrite, sulfate, sulfide, methane, iron [Fe2+]), four of the wells (A14GW01, A14GW03, A14GW05, and YS34GW05A) will be sampled for 1,4-dioxane, and three of the wells (A14GW01, A14GW03, and YS34GW09) will be sampled for DHC and functional genes. 

[bookmark: _Toc377476273]Sediment Pore Water Sampling

Sediment pore water samples will be collected at two locations downgradient of the groundwater plume at approximately 4 inches below sediment surface. It is assumed that pore water samples will be located within the wetland and Eastern Branch of Felgates Creek (see proposed locations on Figure 5), and analyzed for the groundwater COCs and CVOC degradation products (TCE, cis- and trans-1,2-DCE, VC, 1,1-DCE, 1,1-DCA, chloroethane, ethene, and ethane). The sediment pore water samples will be collected using a passive diffusion bag (PDB) sampler and canister placed in the first 6 inches of sediment. The PDB sampler will have a protective canister surrounding the PDB sampler that will be gently hammered or shoveled into the sediment. The canister should be installed at approximately 6 inches below the sediment surface and attached to rebar or a flagged stake to insure easy recovery. Samples will be collected after at least 2 weeks have passed.  

Water quality parameters, including pH, specific conductance, salinity, temperature, ORP, turbidity, total dissolved solids, and DO, will be measured from the PDB, if there is adequate volume,  using a handheld water quality meter prior to and directly following sample collection and recorded in the field logbook. If there is not an adequate volume of water, water quality parameters will be collected from within the canister. Pore water samples will be collected and placed directly into the appropriate sample bottle(s) according to the analyses requested as detailed in the SOP. After the samples have been collected, the PDB samplers and canisters will be disposed of following IDW procedures. 

[bookmark: _Toc312235637][bookmark: _Toc377476274]Sediment Sampling

Eight surface sediment samples will be collected from 0 to 4 inches bgs using disposable trowels. The sediment samples will be collected from the historical sample location YSA14-SD04 and then from seven samples to the west and east of YSA14-SD04, as approximated on Figure 8 (actual locations TBD prior to mobilization). Any relevant information pertaining to contamination or visual observations will be recorded in the field log book. Samples will be homogenized prior to placement in the laboratory-prepared sample container. SOPs to be employed are referenced in Table 7-1.

All sediment samples will be analyzed for mercury using the SW-846 7471A / 7470A method. To confirm that there have been no other impacts to wetland sediment that may be posing unacceptable risks, sediment samples will also be analyzed for any constituents identified as posing a potential risk during the soil portion of this data gap investigation. In this case, sediment samples would also be analyzed for TOC, pH, AVS/SEM, and grain-size. Samples would be analyzed using the methods listed in Table 7-2. 

[bookmark: _Toc377476275]Soil Sampling

There will be eight co-located surface and subsurface soil samples and four deep subsurface samples collected at Site 34. Proposed sample locations are shown on Figure 8. Surface soil samples will be collected at a depth of 0 to 6 inches bgs using a stainless steel spoon. Subsurface soil samples will be collected at a depth of 6 to 24 inches bgs using a stainless steel hand auger. At the locations beneath the road where only a subsurface sample will be collected, samples will be collected from approximately 3 feet bgs. Sample depth will be field-verified based on the depth of the existing discharge pipe. In order to access the soil samples collected beneath the road and beneath the floor of Building 537, areas of concrete and asphalt will be cored using a heavy-duty, floor-mounted core drill. Depending on availability, various sized diamond core drill bits may be used. Appropriate sizes typically range from two to four inches in diameter. Coring activities to access soil beneath the road and beneath the floor of Building 537 will be performed in accordance with the SOP entitled Concrete Core Sampling (CH2M HILL, 2010b). Once coring through the road is complete, the subsurface soil samples will be collected at a depth of approximately 3 feet using a stainless steel hand auger. Once coring through the floor of Building 537 is completed, surface soil samples will be collected at a depth of 0 to 6 inches bgs using a stainless steel spoon and subsurface soil samples will be collected at a depth of 6 to 24 inches bgs using a stainless steel hand auger. 

[bookmark: _Toc377476276]Equipment Decontamination

All non-disposable sampling equipment will be decontaminated before use and immediately after each use in accordance with applicable SOPs (Table 7-1). The water level indicator will be scrubbed with deionized water between each measurement. Heavy equipment such as drill rig (augers, rods, or split spoons) will be steam cleaned before use at each new monitoring well location. Monitoring well risers and screens will also be steam cleaned using the same procedure, unless they are certified by the manufacturer as clean and the plastic seals intact. A decontamination pad will be set up to prevent runoff of the decontamination water and to allow easy collection of decontamination fluids.

[bookmark: _Toc377476277]Investigation-derived Waste Handling

IDW generated during investigation activities at Site 34 will include soil generated during drilling activities, solutions used to decontaminate drilling and sampling equipment, and purge water. Aqueous IDW will be contained in 55-gallon drums or a Baker tank. Soil IDW will be stored in 55-gallon drums or a lined roll-off container with a hard, water-resistant lid. IDW drums will be labeled in accordance with the SOP included in Appendix B. Details related to the IDW process for Yorktown is listed as follows. 

The process for coordinating the set of an IDW storage area includes:

1. Informing the Navy RPM, Jim Gravette, of the number of IDW drums to be generated during the investigation

1. Coordinating with the Navy RPM, the Base Environmental Director, and Base IDW Coordinator to identify a location for IDW (including providing the number of drums and a figure with proposed IDW storage area).

1. Site visit with the Base Environmental Director and/or the Base IDW Coordinator to field verify the location

1. The following considerations will be given to the IDW Storage Area:

3. Size (number of drums) requirement, levelness, and firmness of ground if not stored on asphalt or concrete

3. Accessibility to vehicles (height, width, and turning radius), including semi-trailer

3. Protectiveness -  sheltering, away from heavy traffic areas, limited accessibility to Base employees if possible

The process for preparing an IDW storage area includes:

1. Construction of a secondary containment area that requires:

0. Able to contain 10 percent of total volume of material to be stored

0. Minimum 6 mil poly sheeting flooring wrapped over minimum 4-inch side wall

1. Pallets will be required to keep all drums directly off the poly sheeting

1. Poly or other weather proof tarp capable preventing infiltration into the secondary containment

1. Metal or fabric strapping capable of securing drums to each other and securing a tarp over the containment area

1. A sign will be placed in plain view stating the purpose of the area and contact information

1. IDW Spill Control Kit to be kept on site at all times that will include:

5. Fire extinguisher

5. Spill pads

5. Nitrile gloves

5. Trash bags and paper towels

5. Forms  - additional drum labels and inspection forms, pens, and markers

The process for filling and storing IDW drums will include:

1. All drums used for IDW must be new or recondition 55-gallon Department of Transportation (DOT) approved drums with open top

1. Materials to be placed in the drums will include IDW-generated soil, mud or groundwater

1. Drums may only be filled to approximately ¾ full to meet weight requirements for transport

1. Any excess material will be cleaned from the side of the drum

1. The cover of the drum will be secured to prevent any leakage from the drum should it be placed on its side

1. The filled drum will be placed on a pallet within the secondary storage container

1. Labels will be affixed to the drum in accordance to the SOP included in Appendix B. The label will be affixed to the drum so that it is facing outward where it may be read by an inspector.  

1. Once the IDW operations have been completed for the day, a tarp will be placed over the drums and secured. The tarp will be placed in a way that prevents any precipitation from collecting in the secondary containment 

The process for inspecting the IDW storage area will include:

1. On a weekly basis, all aspects of the IDW storage area will be inspected

1. The condition of the tarp, sidewalls, poly sheeting will be inspected for any holes or breaks. Any deficiencies will be corrected at the time of the inspection

1. The drums will be inspected to ensure that no leaks or breaching of the drum has occurred or is imminent. All labels will be inspected to ensure that they are still properly affixed to the drum and that the information on them is current.

1. The pallets will be inspected to ensure that there is no rotting or breakage on the wood.

1. The inspection sheet provided by the base will be completed and kept with the IDW Spill Control Kit

1. Any deficiencies that cannot be corrected at the time of the inspection will be communicated to the Navy RPM, the Base Environmental Director and/or the Base IDW Coordinator

The process for characterizing, profiling, and removal of the IDW from the base includes:

1. Sampling of the IDW drums will be conducted by CH2M HILL and the parameters for disposal will be determined based on the contracted receiving facilities requirements

1. Sampling results received by CH2M HILL will be forwarded on the IDW receiving facility and a waste profile will be generated to make the determination regarding the material being considered hazardous or non-hazardous.

1. Sampling results and the waste profile will be forwarded to the Navy RPM for review

1. Once the Navy approves of the profile, CH2M HILL will schedule a pick up date and time. This will be coordinated with the Navy RPM to ensure that a Navy representative is present to sign the appropriate disposal forms

Disposable equipment, including PPE, will be decontaminated in accordance with the SOP included in Appendix B and disposed of with normal facility trash. 

[bookmark: _Toc377476278]Quality Control

QC samples will be collected as outlined in Tables 10-1 through 10-7. Field and laboratory activities will be implemented following the applicable SOPs presented in Table 7-1 and the Analytical SOP References Table (Tables 9-1). 

[bookmark: _Toc377476279]Field SOPs Reference Table 

		[bookmark: _Toc308691276][bookmark: _Toc310848316][bookmark: _Toc333767104][bookmark: _Toc336515942][bookmark: _Toc336538368]Table 7-1

[bookmark: _Toc336538369]Field SOPs Reference Table



		SOP Reference Number

		Title/Author

		Revision Date or Version Number

		Location of SOP (if not included in the SAP) 

		Any planned deviation for Project Work

		Comments



		001_BlankPrep

		Equipment Blank and Field Blank Preparation

		8/2012

		Included as Appendix B 

		Not Applicable (N/A)

		N/A



		002_COC

		Chain-of-Custody

		8/2012

		Included as Appendix B

		N/A

		N/A



		004_GPS

		GPS

		8/2012

		Included as Appendix B 

		N/A

		N/A



		005_Homog

		Homogenization of Soil and Sediment Samples

		8/2012

		Included as Appendix B 

		N/A

		N/A



		006_Log Books

		Log Books

		8/2012

		Included as Appendix B 

		N/A

		N/A



		007_SedSamp

		Sediment Sampling

		8/2012

		Included as Appendix B 

		N/A

		N/A



		008_Ship

		Packaging and Shipping Procedures for Low-Concentration Samples

		8/2012

		Included as Appendix B

		N/A

		N/A



		009_DeconRig

		Decontamination of Drilling Rigs and Equipment

		8/2012

		Included as Appendix B 

		N/A

		N/A



		010_Decon

		Decontamination of Personnel and Equipment

		8/2012

		Included as Appendix B 

		N/A

		N/A



		011_Dispose

		Disposal of Waste Fluids and Solids

		8/2012

		Included as Appendix B 

		N/A

		N/A



		012_WaterQual

		Field Measurement of pH, Specific Conductance, Turbidity, DO, ORP, and Temperature Using a Water Quality Parameter Meter

		8/2012

		Included as Appendix B 

		N/A

		N/A



		013_MWSamp-EPA Reg I&III

		Groundwater Sampling from Monitoring Wells

		8/2012

		Included as Appendix B 

		N/A

		N/A



		014_LowFlow-EPA Reg I&III

		Low-Flow Groundwater Sampling from Monitoring Wells

		8/2012

		Included as Appendix B 

		N/A

		N/A



		015_MWInstal

		General Guidance for Monitoring Well Installation

		8/2012

		Included as Appendix B 

		N/A

		N/A



		016_MWShall

		Installation of Shallow Monitoring Wells

		8/2012

		Included as Appendix B 

		N/A

		N/A



		017_WaterLevels

		Water Level Measurements

		8/2012

		Included as Appendix B 

		N/A

		N/A



		018_Soils

		Soil Sampling

		8/2012

		Included as Appendix B 

		N/A

		N/A



		019_ShallowSO

		Shallow Soil Sampling

		8/2012

		Included as Appendix B 

		N/A

		N/A



		020_SBLog

		Logging of Soil Borings

		8/2012

		Included as Appendix B 

		N/A

		N/A



		021_Utility Location_General

		Locating and Clearing Underground Utilities

		8/2012

		Included as Appendix B 

		N/A

		N/A



		022_VOCAq

		VOC Sampling

		8/2012

		Included as Appendix B 

		N/A

		N/A



		023_PDB

		PDB Sampling for VOCs from Monitoring Wells

		8/2012

		Included as Appendix B 

		N/A

		N/A



		024_Concrete Core

		Concrete Core Sampling

		8/2012

		Included as Appendix B 

		N/A

		N/A
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[bookmark: _Toc336538371]Sample Details Table

		

		

		

		

		Solid Samples

		Aqueous Samples



		Contract Task Order (CTO)-WE35
WPNSTA Yorktown Site 34
RI Sampling


Laboratory
TriMatrix Laboratories
5560 Corporate Exchange Ct. SE
Grand Rapids, MI 49512
Walt Roudebush - (616) 975-4561

Microbial Laboratory4
Microbial Insights
2340 Stock Creek Blvd
Rockford, TN 37853
Anita Biernacki - (865) 573-8188

		Analysis Group

		VOCs

		SVOCs

		Explosives

		PETN and NG

		Metals

		Mercury

		Cyanide

		TOC

		pH

		Grain-size

		AVS/ SEM

		VOCs

		SVOCS or 1,4-dioxane

		Explo

		PETN and NG

		Metals

		Mercury

		Cyanide

		MEE

		DHC and Functional Genes

		TOC

		Alkalinity

		Nitrate, Nitrite, Sulfate

		Sulfide

		Ferrous Iron



		

		Preparation and Analytical Method

		SW-846 5035/ 8260B

		SW-846 3550C/8270C

		SW-846 8330A

		SW-846 8332

		SW-846 3050B/ 6010C/ 6020A

		SW-846 7471A

		SW-846 9014

		Lloyd Kahn

		SW-846 9045D

		American Society for Testing and Materials (ASTM) D422

		EPA 821_R-91-100

		SW-846 8260B

		SW-846 3510C/8270C

		SW-846 8330A

		SW-846 8332

		SW-846 3010A/ 6010C, 3020A/6020A

		SW-846 7470A

		SW-846 9014

		RSK-175

		Quantitative polymerase chain reaction (qPCR) with deoxyribo-nucleic acid (DNA) extract

		SW-846 9060A

		SM2320B

		EPA 300.0

		SM 4500S2-F

		Field Test Kit



		

		Analytical Laboratory/ Analytical SOP Reference1

		Trimatrix / GR-04-104

		TriMatrix / GR-04-103

		TriMatrix / GR-16-115

		 TriMatrix / GR-16-116

		TriMatrix / GR-01-100, GR-01-129

		TriMatrix / GR-01-123 

		TriMatrix / GR-05-122

		TriMatrix / GR-05-132

		TriMatrix / GR-07-113

		TriMatrix / GR-16-119

		TriMatrix/ GR- 19- 100

		TriMatrix / GR-04-104

		TriMatrix  / GR-04-103

		TriMatrix / GR-16-115

		TriMatrix / GR-16-116

		TriMatrix / GR-01-100, GR-01-129

		TriMatrix / GR-01-123 

		TriMatrix / GR-05-122

		TriMatrix / GR-03-130

		Microbial Insights / DNA-qPCR

		TriMatrix / GR-05-105

		TriMatrix / GR-06-101

		TriMatrix / GR-02-113

		TriMatrix / GR-06-110

		 



		

		Data Package TAT

		28 calendar days for all but primary sediment samples. Primary sediment samples are on 72-hour turnaround for results.

		 



		

		Container Type/ Volume required

		3-'40-ml' pre-tared clear glass vials. 2 vials with 5 ml sodium bisulfate and stir bar and 1 vial with 5 ml methanol. Plus 1- 4-ounce (oz) WM plastic for percent solids / 5 grams (g) soil per vial, 25 g for percent solids

		8-oz WM clear glass / 30 g

		4-oz. WM clear glass/ 20 g

		4-oz WM plastic / 20 g

		4-oz WM plastic / 20 g

		4-oz WM plastic/ 15 g

		8-oz WM plastic / 150 g

		32-oz WM plastic / 1,000 g

		250-ml WM glass jar

		Three '40-ml' clear glass vials / 44 ml

		Two 1,000-ml NM amber glass / 1,000 ml

		Two 1,000-ml NM amber glass / 1,000-ml

		500-ml NM plastic / 100 ml

		500-ml NM plastic / 100 ml

		500-ml opaque brown plastic/ 10 ml

		Two '40-ml' clear glass vials / 44 ml

		1 bioflo filter (use 2 bioflo filters if unable to pass 1 liter [L] through one), or 1-L poly 

		Three '40-ml' amber glass vials / 44 ml

		500-ml NM plastic / 50 ml

		500-ml NM plastic / 50 ml

		500-ml NM amber glass

		 



		

		Preservative

		Cool to <6 °C

		pH <2 w/ hydrochloric acid (HCl), Cool to <6 °C

		Cool to <6 oC

		pH <2 w/nitric acid (HNO3), Cool to <6 °C

		pH <2 w/HNO3, Cool to <6 °C

		pH <2 w/ sodium hydroxide (NaOH), Cool to <6ºC

		pH <2 w/HCl, Cool to <6 °C

		Cool to <6 °C

		pH <2 w/ sulfuric acid (H2SO4), Cool to <6 oC

		Cool to <6 oC

		Cool to <6 oC

		pH >9 w/ Zinc Acetate and NaOH, Cool to <6 oC

		 



		

		Holding Time (Preparation and Analysis)2

		14 days

		14 days extraction, 40 days for analysis from date of extraction

		180 days

		28 days

		14 days

		14 days

		7 days (TriMatrix-specified)

		28 days

		14 days for AVS, 28 days for Hg, 180 days for SEM Metals

		14 days

		7 days extraction, 40 days for analysis from date of extraction

		180 days

		 28 days

		14 days

		14 days

		24 to 48 hours

		28 days for TOC

		14 days for Alkalinity

		48 hours for Nitrate, Nitrite; 28 days for Sulfate

		7 days

		 







		Matrix

		Station ID

		Sample ID3

		Sampling Depth

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		

		

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Groundwater

		YSA14-GW01

		YSA14-GW01-MMYY

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 1,4-dioxane only

		 

		 

		 

		 

		 

		X

		X

		X

		X

		X

		X

		X



		

		YSA14-GW01

		YSA14-GW01P-MMYY

		

		

		

		

		

		

		

		

		

		

		

		

		

		 1,4-dioxane only

		

		

		

		

		

		

		

		

		

		

		

		



		

		YSA14-GW01A

		YSA14-GW01A-MMYY

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 

		 

		 

		 

		 

		 

		X

		 

		 

		 

		 

		 

		 



		

		YSA14-GW02

		YSA14-GW02-MMYY

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 

		 

		 

		 

		 

		 

		X

		 

		 

		 

		 

		 

		 



		

		

		YSA14-GW02P-MMYY

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 

		 

		 

		 

		 

		 

		X

		 

		 

		 

		 

		 

		 



		

		YSA14-GW03

		YSA14-GW03-MMYY

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 1,4-dioxane only 

		 

		 

		 

		 

		 

		X

		X

		X

		X

		X

		X

		X



		

		YSA14-GW04

		YSA14-GW04-MMYY

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 

		 

		 

		 

		 

		 

		X

		 

		 

		 

		 

		 

		 



		

		YSA14-GW05

		YSA14-GW05-MMYY

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 1,4-dioxane only

		 

		 

		 

		 

		 

		X

		 

		 

		 

		 

		 

		 



		

		

		YSA14-GW05-MMYY-MS

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 1,4-dioxane only

		 

		 

		 

		 

		 

		X

		 

		 

		 

		 

		 

		 



		

		

		YSA14-GW05-MMYY-SD

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 1,4-dioxane only

		 

		 

		 

		 

		 

		X

		 

		 

		 

		 

		 

		 



		

		YSA14-GW05A

		YSA14-GW05A-MMYY

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 

		 

		 

		 

		 

		 

		X

		 

		 

		 

		 

		 

		 



		

		YS34-GW06

		YS34-GW06-MMYY

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 

		 

		 

		 

		 

		 

		X

		 

		 

		 

		 

		 

		 



		

		YS34-GW07

		YS34-GW07-MMYY

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 

		 

		 

		 

		 

		 

		X

		 

		X

		X 

		X

		X

		X



		

		

		YS34-GW07P-MMYY

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 

		 

		 

		 

		 

		 

		X

		 

		X

		X

		X

		X

		X



		

		YS34-GW08

		YS34-GW08-MMYY

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 

		 

		 

		 

		 

		 

		X

		X

		X

		X

		X

		X

		X



		

		YS34-GW09

		YS34-GW09-MMYY

		

		

		

		

		

		

		

		

		

		

		

		

		SELECT

		

		

		

		

		

		

		X

		X

		X

		X

		X

		X

		X



		

		YS34-GW09A

		YS34-GW09A-MMYY

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 

		 

		 

		 

		 

		 

		X

		 

		X

		X

		X

		X

		X



		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Pore Water

		YS34-WN01

		YS34-WN01-MMYY

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 

		 

		 

		 

		 

		 

		X

		 

		 

		 

		 

		 

		 



		

		

		YS34-WN01P-MMYY

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 

		 

		 

		 

		 

		 

		X

		 

		 

		 

		 

		 

		 



		

		YS34-WN02

		YS34-WN02-MMYY

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 

		 

		 

		 

		 

		 

		X

		 

		 

		 

		 

		 

		 



		

		

		YS34-WN02-MMYY-MS

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 

		 

		 

		 

		 

		 

		X

		 

		 

		 

		 

		 

		 



		

		

		YS34-WN02-MMYY-SD

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 

		 

		 

		 

		 

		 

		X

		 

		 

		 

		 

		 

		 









TABLE 7-2
Sample Details Table

		Matrix

		Station ID

		Sample ID3

		Sampling Depth

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		

		

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Primary Sediment

Secondary Sediment

		YSA14-SD04

		YSA14-SD04-MMYY

		0-4 inches



		X5

		X5

		X5

		X5

		X5

		X - 72 hour TAT

		X5

		X5

		X5

		X5

		X5

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		

		YSA14-SD04P-MMYY

		

		X5

		X5

		X5

		X5

		X5

		X - 72-hour TAT

		X5

		

		

		

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SD07

		YS34-SD07-MMYY

		

		X5

		X5

		X5

		X5

		X5

		X - 72-hour TAT

		X5

		X5

		X5

		X5

		X5

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SD08

		YS34-SD08-MMYY

		

		X5

		X5

		X5

		X5

		X5

		X - 72-hour TAT

		X5

		X5

		X5

		X5

		X5

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SD09

		YS34-SD09-MMYY

		

		X5

		X5

		X5

		X5

		X5

		X - 72-hour TAT

		X5

		X5

		X5

		X5

		X5

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		

		YS34-SD09-MMYY-MS

		

		X5

		X5

		X5

		X5

		X5

		X - 72-hour TAT

		X5

		

		

		

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		

		YS34-SD09-MMYY-SD

		

		X5

		X5

		X5

		X5

		X5

		X - 72-hour TAT

		X5

		

		

		

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SD10

		YS34-SD10-MMYY

		

		X5

		X5

		X5

		X5

		X5

		X - 72-hour TAT

		X5

		X5

		X5

		X5

		X5

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SD11

		YS34-SD11-MMYY

		

		X5

		X5

		X5

		X5

		X5

		X - 72-hour TAT

		X5

		X5

		X5

		X5

		X5

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SD12

		YS34-SD12-MMYY

		

		X5

		X5

		X5

		X5

		X5

		X - lab to hold

		X5

		X5

		X5

		X5

		X5

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SD13

		YS34-SD13-MMYY

		

		X5

		X5

		X5

		X5

		X5

		X - lab to hold

		X5

		X5

		X5

		X5

		X5

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		

		YS34-SD13P-MMYY

		

		X5

		X5

		X5

		X5

		X5

		X - lab to hold

		X5

		

		

		

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SD14

		YS34-SD14-MMYY

		

		

		

		

		

		

		X - lab to hold

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		YS34-SD15

		YS34-SD15-MMYY

		

		

		

		

		

		

		X - lab to hold

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		YS34-SD16

		YS34-SD16-MMYY

		

		

		

		

		

		

		X - lab to hold

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Surface Soil

		YS34-SO01

		YS34-SS01-MMYY

		0-6 inches bgs

		X

		X

		X

		X

		X

		X

		X

		X

		X

		X

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SO02

		YS34-SS02-MMYY

		

		X

		X

		X

		X

		X

		X

		X

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		

		YS34-SS02P-MMYY

		

		X

		X

		X

		X

		X

		X

		X

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SO03

		YS34-SS03-MMYY

		

		X

		X

		X

		X

		X

		X

		X

		X

		X

		X

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SO04

		YS34-SS04-MMYY

		

		X

		X

		X

		X

		X

		X

		X

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		

		YS34-SS04-MMYY-MS

		

		X

		X

		X

		X

		X

		X

		X

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		

		YS34-SS04-MMYY-SD

		

		X

		X

		X

		X

		X

		X

		X

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SO05

		YS34-SS05-MMYY

		

		X

		X

		X

		X

		X

		X

		X

		X

		X

		X

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SO06

		YS34-SS06-MMYY

		

		X

		X

		X

		X

		X

		X

		X

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SO07

		YS34-SS07-MMYY 

		

		X

		X

		X

		X

		X

		X

		X

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		YS34-SO08

		YS34-SS08-MMYY 

		

		X

		X

		X

		X

		X

		X

		X

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Subsurface Soil

		YS34-SO01

		YS34-SB01-TD-BD-MMYY

		6-24 inches bgs

		X

		X

		X

		X

		X

		X

		X

		X

		X

		X

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SO02

		YS34-SB02-TD-BD-MMYY

		

		X

		X

		X

		X

		X

		X

		X

		X

		X

		X

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SO03

		YS34-SB03-TD-BD-MMYY

		

		X

		X

		X

		X

		X

		X

		X

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		

		YS34-SB03P-TD-BD-MMYY

		

		X

		X

		X

		X

		X

		X

		X

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SO04

		YS34-SB04-TD-BD-MMYY

		

		X

		X

		X

		X

		X

		X

		X

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SO05

		YS34-SB05-TD-BD-MMYY

		

		X

		X

		X

		X

		X

		X

		X

		X

		X

		X

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SO06

		YS34-SB06-TD-BD-MMYY

		

		X

		X

		X

		X

		X

		X

		X

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SO07

		YS34-SB07-TD-BD-MMYY

		

		X

		X

		X

		X

		X

		X

		X

		X

		X

		X

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SO08

		YS34-SB08-TD-BD-MMYY

		

		X

		X

		X

		X

		X

		X

		X

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		

		   YS34-SB08-TD-BD-MMYY-MS

		

		X

		X

		X

		X

		X

		X

		X

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		

		   YS34-SB08-TD-BD-MMYY-SD

		

		X

		X

		X

		X

		X

		X

		X

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SO09

		YS34-SB09-TD-BD-MMYY

		

		X

		X

		X

		X

		X

		X

		X

		X

		X

		X

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SO10

		YS34-SB10-TD-BD-MMYY

		

		X

		X

		X

		X

		X

		X

		X

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-SO11

		YS34-SB11-TD-BD-MMYY 

		

		X

		X

		X

		X

		X

		X

		X

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		YS34-SO12

		YS34-SB12-TD-BD-MMYY

		

		X

		X

		X

		X

		X

		X

		X

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		YS34-SB12P-TD-BD-MMYY 

		

		X

		X

		X

		X

		X

		X

		X

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		

		



		Non-Station QA/QC Samples3

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 



		Equipment Blanks

		YS34-QC

		YS34-EB-MMDDYY-GW

		N/A

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 1,4-dioxane only

		 

		 

		 

		 

		 

		X

		 

		 

		 

		 

		 

		 



		

		YS34-QC

		YS34-EB-MMDDYY-WN

		N/A

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		SELECT

		 

		 

		 

		 

		 

		 

		X

		 

		 

		 

		 

		 

		 



		

		YS34-QC

		YS34-EB-MMDDYY-SD

		N/A

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		 

		 

		 

		 

		 

		X

		 

		 

		 

		 

		 

		 

		 

		 



		

		YS34-QC

		YS34-EB-MMDDYY-SS

		N/A

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		X

		X – no 1,4-dioxane

		X

		X

		X

		X

		X

		 

		 

		 

		 

		 

		 

		 



		

		YS34-QC

		YS34-EB-MMDDYY-SB

		N/A

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		X

		X – no 1,4-dioxane

		X

		X

		X

		X

		X

		 

		 

		 

		 

		 

		 

		 



		 

		 

		 

		Total Number of Samples to the Laboratory:

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 

		 





	Notes: 1 For a complete reference of laboratory SOPs, see the Analytical SOP References Table.

	

	                  2 Holding time is the time between when the sample is collected to the time the sample is prepared and analyzed. 

	                  3 Field QC counts may change depending on the duration of field event. Frequency of QA/QC sample collection is noted on the MPC Table in Section 2.4 of the UFP-SAP and is as follows:

		       Field Duplicate - One per 10 field samples

		       MS/MSD - One pair per 20 field samples of similar matrix (including field duplicates)

		       Equipment Blank- For disposable equipment, one per lot of equipment; for decontaminated equipment, one per day of sampling

		       Field Blank- No field blanks will be collected for this project

	                4 If microbial samples must be shipped on a Friday  for Saturday receipt, the shipping address is:
                       Microbial Insights, Inc.				         5 All sediment samples will be analyzed for mercury. Other laboratory analyses are tentative and will only be conducted if needed, based on the soil sampling analytical results.
                       FedEx Drop Location				M indicates wide-mouth container

                       10601 Murdock Road  	       			NM indicates narrow-mouth container
	Knoxville, TN  37932
                      (865) 300-8053 or (865) 384-4005
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		[bookmark: _Toc333767106][bookmark: _Toc336515944][bookmark: _Toc336538372][bookmark: RANGE!A1:I68]Table 8-1

[bookmark: _Toc333767107][bookmark: _Toc336538373]Reference Limits and Evaluation Table



		Matrix: Groundwater

		

		

		

		

		

		

		

		

		

		

		



		Analytical Group: VOCs

		

		

		

		

		

		

		

		

		

		

		



		All units are µg/L

		

		

		

		

		

		

		

		

		

		



		Analyte

		Chemical Abstract Service (CAS) Number

		Tap Water RSLs, Adjusted1

		MCL1

		ESV1

		PQL Goal2

		Laboratory Limits

		Laboratory Control Sample (LCS) and MS/MSD Recovery Limits and RPD3 (%)



		

		

		

		

		

		

		LOQ

		LOD

		DL

		Lower Control Limit (LCL)

		Upper Control Limit (UCL)

		RPD



		1,1-DCA

		75-34-3

		2.4

		NC

		NC

		1.2

		1

		0.5

		0.185

		70

		135

		30



		1,1-DCE

		75-35-4

		26

		7

		2240

		3.5

		1

		0.5

		0.21

		70

		130

		



		cis-1,2-DCE

		156-59-2

		2.8

		70

		680

		1.4

		1

		0.5

		0.121

		70

		125

		



		trans-1,2-DCE

		156-60-5

		8.6

		100

		680

		4.3

		1

		0.5

		0.202

		60

		140

		



		TCE

		79-01-6

		0.26

		5

		1940

		0.13

		1

		0.5

		0.212

		70

		125

		



		VC

		75-01-4

		0.015

		2

		NC

		0.0075

		1

		0.5

		0.209

		50

		145

		



		Chloroethane

		75-00-3

		2100

		NC

		NC

		1050

		1

		0.5

		0.143

		60

		135

		



		Ethane

		74-84-0

		NC

		NC

		NC

		Lab LOD

		1

		0.91

		0.242

		69

		121

		20



		Ethene

		74-85-1

		NC

		NC

		NC

		Lab LOD

		0.5

		0.47

		0.145

		69

		125

		



		Methane

		74-82-8

		NC

		NC

		NC

		Lab LOD

		1

		0.84

		0.248

		65

		113

		



		Notes:



		1 Refer to Section 4.1.4 for specific ID of PALs by matrix. The tap water RSLs shown in this table are from November 20132 and the ecological screening levels are those for marine surface water.



		2 PQL goals are equal to half of the minimum applicable PAL.



		3 Department of Defense (DoD) Quality Systems Manual (QSM) v.4.2 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where in-house limits are used.



		NC indicates that there is no criterion for an analyte.



		Shading indicates instances where the PAL is lower than the LOD. Non-detects will not be treated as exceedances, though they will be reported at a value greater than the PAL. 







		[bookmark: _Toc333767108][bookmark: _Toc336515946][bookmark: _Toc336538374]Table 8-2

[bookmark: _Toc333767109][bookmark: _Toc336538375]Reference Limits and Evaluation Table



		Matrix: Pore Water

		

		

		

		

		

		

		

		

		

		

		



		Analytical Group: VOCs

		

		

		

		

		

		

		

		

		

		

		



		All units are µg/L

		 

		 

		 

		 

		 

		

		

		

		

		

		



		Analyte

		CAS Number

		Tap Water RSLs, Adjusted x 101

		MCL x 101

		ESV1

		PQL Goal2

		Laboratory Limits

		LCS and MS/MSD Recovery Limits and RPD3 (%)



		

		

		

		

		

		

		LOQ

		LOD

		DL

		LCL

		UCL

		RPD



		1,1-DCA

		75-34-3

		24

		NC

		NC

		12

		1

		0.5

		0.185

		70

		135

		30



		1,1-DCE

		75-35-4

		260

		70

		2240

		35

		1

		0.5

		0.21

		70

		130

		



		cis-1,2-DCE

		156-59-2

		28

		700

		680

		14

		1

		0.5

		0.121

		70

		125

		



		trans-1,2-DCE

		156-60-5

		86

		1000

		680

		43

		1

		0.5

		0.202

		60

		140

		



		TCE

		79-01-6

		2.6

		50

		1940

		1.3

		1

		0.5

		0.212

		70

		125

		



		VC

		75-01-4

		0.15

		20

		NC

		0.075

		1

		0.5

		0.209

		50

		145

		



		Chloroethane

		75-00-3

		21000

		NC

		NC

		10500

		1

		0.5

		0.143

		60

		135

		



		Ethane

		74-84-0

		NC

		NC

		NC

		Lab LOD

		1

		0.91

		0.242

		69

		121

		20



		Ethene

		74-85-1

		NC

		NC

		NC

		Lab LOD

		0.5

		0.47

		0.145

		69

		125

		



		Methane

		74-82-8

		NC

		NC

		NC

		Lab LOD

		1

		0.84

		0.248

		65

		113

		



		Notes:



		1 Refer to Section 4.1.4 for specific ID of PALs by matrix. The tap water RSLs shown in this table are from November 20132 and the ecological screening levels are those for marine surface water.



		2 PQL goals are equal to half of the minimum applicable PAL.



		3 DoD QSM v.4.2 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where in-house limits are used.



		NC indicates that there is no criterion for an analyte.



		Shading indicates instances where the PAL is lower than the LOD. Non-detects will not be treated as exceedances, though they will be reported at a value greater than the PAL. 








		Table 8-3

Reference Limits and Evaluation Table



		Matrix: Groundwater

		

		

		

		

		

		

		

		

		

		

		



		Analytical Group: 1,4-dixoane

		

		

		

		

		

		

		

		

		

		

		



		All units are µg/L

		

		

		

		

		

		

		

		

		

		



		Analyte

		CAS Number

		Tap Water RSLs, Adjusted1

		MCL1

		ESVL1

		PQL Goal2

		Laboratory Limits

		LCS and MS/MSD Recovery Limits and RPD3 (%)



		

		

		

		

		

		

		LOQ

		LOD

		DL

		LCL

		UCL

		RPD



		1,4-Dioxane

		123-91-1

		0.67

		NC

		NC

		0.33

		3.0

		0.4

		0.4

		21

		100

		30



		Notes:



		1 Refer to Section 4.1.4 for specific ID of PALs by matrix. The tap water RSLs shown in this table are from November 20132 and the ecological screening levels are those for marine surface water.



		2 PQL goals are equal to half of the minimum applicable PAL.



		3 DoD QSM v.4.2 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where in-house limits are used.



		NC indicates that there is no criterion for an analyte.



		Shading indicates instances where the PAL is lower than the LOD. Non-detects will not be treated as exceedances, though they will be reported at a value greater than the PAL. 



		[bookmark: _Toc333767110][bookmark: _Toc336515948][bookmark: _Toc336538376]Table 8-4

[bookmark: _Toc333767111][bookmark: _Toc336538377]Reference Limits and Evaluation Table



		Matrix: Groundwater



		Analytical Group: Wet Chemistry



		All units are mg/L 



		Analyte

		CAS Number9

		PIL1

		PQL Goal

		Laboratory Limits

		LCS and MS/MSD Recovery Limits and RPD8 (%)



		

		

		

		

		LOQ

		LOD

		DL

		LCL

		UCL

		RPD



		Alkalinity2

		471-34-1

		> 50

		Lab LOD

		20

		2

		0.495

		91

		110

		20



		Nitrate3

		14797-55-8

		evaluate by trend

		Lab LOD

		0.1

		0.02

		0.013

		90

		110

		



		Nitrite3

		14797-65-0

		

		Lab LOD

		0.1

		0.05

		0.027

		90

		110

		



		Sulfate4

		14808-79-8

		< 20

		Lab LOD

		2

		1

		0.33

		90

		110

		



		Sulfide5

		12597-04-5

		< 1

		Lab LOD

		1

		1

		1

		80

		120

		



		TOC6

		TOC

		> 20

		Lab LOD

		1

		1

		0.502

		87

		111

		



		Ferrous iron7

		FERROUS

		> 1

		Lab LOD

		N/A, collected in the field



		Notes:



		1 PILs were developed to assist in determining site conditions:  



		2 Alkalinity is a measurement of the available buffering capacity against pH change. Decreasing alkalinity may indicate that pH conditions are becoming less optimal for reductive dechlorination.



		3 Nitrate and nitrite data will be collected in the event that a natural attenuation or enhanced biological remedy is later needed for the site. Enhanced biological treatment methods that reduce aquifer conditions are generally expected to result in decreasing concentrations of nitrate and increasing concentrations of nitrite.



		4 If sulfur compounds are present in the aquifer, higher concentrations of sulfate may compete with the reductive dechlorination pathway. Therefore, ideal conditions will maintain low sulfate levels.



		5 If sulfur compounds are present in the aquifer, higher concentrations of sulfide are more favorable to reductive dechlorination. Therefore, ideal conditions will maintain higher sulfide levels.



		6 TOC is an indicator of the total amount of organic matter available to microbial communities to use as a carbon source in the degradation of VOCs. Increasing TOC concentrations are a positive indicator of natural attenuation potential. Results will be used to determine the bioavailability of certain metals.



		7 Elevated concentrations of ferrous iron indicate the activity of iron-reducing bacteria and are a positive indication that reductive dechlorination of VOCs may be occurring.



		8 DoD QSM v.4.2 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where in-house limits are used.



		9 In some instances a contractor-specific identifier is shown.







		[bookmark: _Toc333767112][bookmark: _Toc336515950][bookmark: _Toc336538378]Table 8-5

[bookmark: _Toc333767113][bookmark: _Toc336538379]Reference Limits and Evaluation Table



		Matrix: Groundwater

		

		

		

		

		



		Analytical Group: Microbial

		

		

		

		

		



		All units are cells per sample. Typical sample volumes are 1,000 ml.

		 

		 



		Analyte

		CAS Number1

		PQL Goal

		Laboratory Limits



		

		

		

		LOQ

		LOD

		DL



		DHC

		DHC

		Lab LOD

		500

		100

		100



		VC R-Dase

		VC-R

		Lab LOD

		500

		100

		100



		TCE R-Dase

		TCE-R

		Lab LOD

		500

		100

		100



		BAV1 R-Dase

		BAV1-R

		Lab LOD

		500

		100

		100



		Notes:



		1 Contractor-specific identifier is shown.
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[bookmark: _Toc333767114][bookmark: _Toc336515952][bookmark: _Toc336538380]

		Table 8-6

[bookmark: _Toc333767115][bookmark: _Toc336538381]Reference Limits and Evaluation Table



		Matrix: Sediment

		

		

		

		

		

		

		

		

		

		



		Analytical Group: Mercury

		

		

		

		

		

		

		

		

		

		



		All units are mg/kg

		 

		 

		 

		

		

		

		

		

		

		



		Analyte

		CAS Number

		Human Health PAL1,2

		ESV1,2

		PQL Goal2,3

		Laboratory Limits2

		LCS and MS/MSD Recovery Limits and RPD4 (%)



		

		

		

		

		

		LOQ

		LOD

		DL

		LCL

		UCL

		RPD



		Mercury

		7439-97-6

		0.78

		0.15

		0.075

		0.05

		0.017

		0.0061

		80

		120

		20



		Notes:



		1 Refer to Section 4.1.4 for specific ID of PALs by matrix.



		2 PALs and PQL Goals assume dry weight basis.



		3 PQL goals are equal to half of the minimum applicable PAL.



		4 DoD QSM v.4.2 is the basis for LCS and MS/MSD limits.
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		Matrix: Surface Soil, Subsurface Soil, Sediment (tentative)



		Analytical Group: VOCs



		All units are mg/kg



		Analyte

		CAS Number5

		Soil PALs 1,2

		Sediment PALs 1,2

		PQL Goal2,3

		Laboratory Limits2

		LCS and MS/MSD Recovery Limits and RPD4 (%)



		

		

		Adjusted Residential Soil RSL

		Soil ESV

		Marine Sediment ESV

		Adjusted Residential Soil RSL X 10 

		

		LOQ

		LOD

		DL

		LCL

		UCL

		RPD



		1,1,1-TCA

		71-55-6

		640

		1.025

		0.856

		640

		0.4285125

		0.002

		0.0005

		0.000136

		70

		135

		30



		1,1,2,2-Tetrachloroethane

		79-34-5

		0.56

		5

		0.202

		5.6

		0.10128

		0.002

		0.0005

		0.000257

		55

		130

		



		1,1,2-Trichloro-1,2,2-trifluoroethane (Freon-113)

		76-13-1

		910

		NC

		NC

		910

		455

		0.005

		0.0005

		0.000147

		70

		130

		



		1,1,2-TCA

		79-00-5

		0.16

		2

		0.57

		1.6

		0.08

		0.002

		0.0005

		0.000274

		60

		125

		



		1,1-DCA

		75-34-3

		3.3

		0.548

		NC

		33

		0.274

		0.002

		0.00025

		0.00011

		75

		125

		



		1,1-DCE

		75-35-4

		24

		0.173

		2.782

		240

		0.0865

		0.002

		0.0005

		0.000162

		65

		135

		



		1,2,3-Trichlorobenzene

		87-61-6

		4.9

		1.15

		NC

		49

		0.575

		0.002

		0.0005

		0.000256

		60

		135

		



		1,2,4-Trichlorobenzene

		120-82-1

		6.2

		1.27

		0.473

		62

		0.2365.635

		0.002

		0.0005

		0.000132

		65

		130

		



		1,2-Dibromo-3-chloropropane

		96-12-8

		0.0054

		NC

		NC

		0.054

		0.0027

		0.005

		0.0005

		0.000298

		40

		135

		



		1,2-Dibromoethane

		106-93-4

		0.034

		0.3

		NC

		0.34

		0.017

		0.003

		0.0005

		0.00014

		70

		125

		



		1,2-Dichlorobenzene

		95-50-1

		190

		1

		0.989

		380

		0.49455

		0.001

		0.0005

		0.000121

		75

		120

		



		1,2-DCA

		107-06-2

		0.43

		2.19

		NC

		4.3

		0.215

		0.001

		0.0005

		0.000161

		70

		135

		



		1,2-Dichloropropane

		78-87-5

		0.94

		38.8

		NC

		9.4

		0.47

		0.003

		0.0005

		0.000219

		70

		120

		



		1,3-Dichlorobenzene

		541-73-1

		NC

		1

		0.842

		NC

		0.4215

		0.001

		0.00025

		0.000111

		70

		125

		



		1,4-Dichlorobenzene

		106-46-7

		2.4

		1.28

		0.11

		24

		0.05564

		0.001

		0.00025

		0.000077

		70

		125

		



		2-Butanone

		78-93-3

		2800

		NC

		NC

		28000

		1400

		0.01

		0.0005

		0.0003

		30

		160

		



		2-Hexanone

		591-78-6

		21

		NC

		NC

		210

		10.5

		0.01

		0.0005

		0.000163

		45

		145

		



		4-Methyl-2-pentanone

		108-10-1

		530

		NC

		NC

		3400

		265

		0.01

		0.0005

		0.00016

		45

		145

		



		Acetone

		67-64-1

		6100

		NC

		NC

		61000

		3050

		0.015

		0.005

		0.00464

		20

		160

		



		Benzene

		71-43-2

		1.1

		1.14

		0.137

		11

		0.068555

		0.001

		0.0005

		0.000178

		75

		125

		



		Bromochloromethane

		74-97-5

		16

		NC

		NC

		160

		8

		0.001

		0.0005

		0.00019

		70

		125

		



		Bromodichloromethane

		75-27-4

		0.27

		NC

		NC

		2.7

		0.135

		0.001

		0.0005

		0.000117

		70

		130

		



		Bromoform

		75-25-2

		62

		0.3

		1.308

		620

		0.15

		0.002

		0.00025

		0.000065

		55

		135

		








		Table 8-7

Reference Limits and Evaluation Table



		Matrix: Surface Soil, Subsurface Soil, Sediment (tentative)



		Analytical Group: VOCs



		All units are mg/kg



		Analyte

		CAS Number5

		Soil PALs 1,2

		Sediment PALs 1,2

		PQL Goal2,3

		Laboratory Limits2

		LCS and MS/MSD Recovery Limits and RPD4 (%)



		

		

		Adjusted Residential Soil RSL

		Soil ESV

		Marine Sediment ESV

		Adjusted Residential Soil RSL X 10 

		

		LOQ

		LOD

		DL

		LCL

		UCL

		RPD



		Bromomethane

		74-83-9

		0.73

		NC

		NC

		7.3

		0.365

		0.004

		0.0005

		0.000175

		30

		160

		30



		Carbon disulfide

		75-15-0

		82

		NC

		NC

		740

		41

		0.001

		0.0005

		0.000168

		45

		160

		



		Carbon tetrachloride

		56-23-5

		0.61

		3.4

		7.244

		6.1

		0.305

		0.002

		0.00025

		0.00009

		65

		135

		



		Chlorobenzene

		108-90-7

		29

		2.4

		0.162

		290

		0.0811.2

		0.001

		0.00025

		0.000082

		75

		125

		



		Chloroethane

		75-00-3

		1500

		5

		NC

		2100

		2.5

		0.002

		0.0005

		0.000472

		40

		155

		



		Chloroform

		67-66-3

		0.29

		1.844

		NC

		2.9

		0.145

		0.001

		0.00025

		0.000107

		70

		125

		



		Chloromethane

		74-87-3

		12

		5

		NC

		120

		2.5

		0.001

		0.0005

		0.000153

		50

		130

		



		cis-1,2-DCE

		156-59-2

		16

		0.447

		NC

		160

		0.2235

		0.001

		0.00025

		0.00011

		65

		125

		



		cis-1,3-Dichloropropene

		10061-01-5

		1.7

		5

		0.00731

		17

		0.0036585

		0.001

		0.00025

		0.000102

		70

		125

		



		Cyclohexane

		110-82-7

		120

		6

		NC

		120

		3

		0.005

		0.0005

		0.000121

		70

		130

		



		Dibromochloromethane

		124-48-1

		0.68

		NC

		NC

		6.8

		0.34

		0.001

		0.0005

		0.000121

		65

		130

		



		Dichlorodifluoromethane (Freon-12)

		75-71-8

		9.4

		NC

		NC

		94

		4.7

		0.002

		0.0005

		0.000301

		35

		135

		



		Ethylbenzene

		100-41-4

		5.4

		1.815

		0.305

		54

		0.15259075

		0.001

		0.0005

		0.000139

		75

		125

		



		Isopropylbenzene

		98-82-8

		210

		NC

		NC

		270

		105

		0.001

		0.00025

		0.000083

		75

		130

		



		m- and p-Xylene

		m&pXYLENE

		59

		1.3

		NC

		390

		0.65

		0.002

		0.0005

		0.000158

		80

		125

		



		Methyl acetate

		79-20-9

		7800

		NC

		NC

		29000

		3900

		0.005

		0.0005

		0.00023

		70

		130

		



		Methylcyclohexane

		108-87-2

		NC

		NC

		NC

		NC

		Lab LOD

		0.005

		0.0005

		0.000119

		70

		130

		



		Methylene chloride

		75-09-2

		36

		1.25

		NC

		360

		0.625

		0.015

		0.0005

		0.000287

		55

		140

		



		Methyl-tert-butyl ether (MTBE)

		1634-04-4

		43

		NC

		NC

		430

		21.5

		0.001

		0.0005

		0.00019

		63

		127

		



		o-Xylene

		95-47-6

		69

		1.3

		NC

		430

		0.65

		0.001

		0.00025

		0.000063

		75

		125

		



		Styrene

		100-42-5

		630

		64

		7.069

		870

		3.53432

		0.001

		0.00025

		0.000075

		75

		125

		



		Tetrachloroethene

		127-18-4

		8.6

		0.179

		0.057

		86

		0.0285895

		0.002

		0.0005

		0.000115

		65

		140

		



		Toluene

		108-88-3

		500

		40

		1.086

		820

		0.54320

		0.002

		0.0005

		0.000193

		70

		125

		



		trans-1,2-DCE

		156-60-5

		15

		0.447

		NC

		150

		0.2235

		0.001

		0.00025

		0.000106

		65

		135

		








		Table 8-7

Reference Limits and Evaluation Table



		Matrix: Surface Soil, Subsurface Soil, Sediment (tentative)



		Analytical Group: VOCs



		All units are mg/kg



		Analyte

		CAS Number5

		Soil PALs 1,2

		Sediment PALs 1,2

		PQL Goal2,3

		Laboratory Limits2

		LCS and MS/MSD Recovery Limits and RPD4 (%)



		

		

		Adjusted Residential Soil RSL

		Soil ESV

		Marine Sediment ESV

		Adjusted Residential Soil RSL X 10 

		

		LOQ

		LOD

		DL

		LCL

		UCL

		RPD



		trans-1,3-Dichloropropene

		10061-02-6

		1.7

		5

		0.00731

		17

		0.0036585

		0.003

		0.0005

		0.000122

		65

		125

		30



		TCE

		79-01-6

		0.44

		0.5

		0.041

		4.4

		0.020522

		0.002

		0.00025

		0.00009

		75

		125

		



		Trichlorofluoromethane (Freon-11)

		75-69-4

		79

		NC

		NC

		790

		39.5

		0.002

		0.00025

		0.000108

		25

		185

		



		VC

		75-01-4

		0.06

		0.412

		NC

		0.6

		0.03

		0.001

		0.00025

		0.000076

		60

		125

		



		Notes:



		1 Refer to Section 4.1.4 for specific ID of PALs by matrix. The residential soil RSLs shown in this table are from November 2013May 2012 and the ecological screening levels are those for surface soil.



		2 PALs and PQL Goals assume dry weight basis.



		3 PQL goals are equal to half of the minimum applicable PAL.



		4 DoD QSM v.4.2 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where in-house limits are used.



		5 In some instances a contractor-specific identifier is shown.



		NC indicates that there is no criterion for an analyte.
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[bookmark: _Toc333767119][bookmark: _Toc336538385]Reference Limits and Evaluation Table



		Matrix: Surface Soil, Subsurface Soil, Sediment (tentative)



		Analytical Group: SVOCs

		

		

		

		

		

		

		

		

		

		



		All units are mg/kg

		 

		 

		 

		

		

		

		

		

		

		



		Analyte

		CAS Number5

		Soil PALs 1,2

		Sediment PALs 1,2

		PQL Goal2,3

		Laboratory Limits2

		LCS and MS/MSD Recovery Limits and RPD4 (%)



		

		

		Adjusted Residential Soil RSL 

		Soil ESV

		Marine Sediment ESV

		Adjusted Residential Soil RSL X 10

		

		

		



		

		

		

		

		

		

		

		LOQ

		LOD

		DL

		LCL

		UCL

		RPD



		1,1-Biphenyl

		92-52-4

		5.1

		13.6

		NC

		51

		2.55

		0.017

		0.0033

		0.00091

		60

		131

		30



		1,2,4,5-Tetrachlorobenzene

		95-94-3

		1.8

		NC

		46.988

		18

		0.9

		0.033

		0.00083

		0.00083

		30

		150

		



		2,2'-Oxybis(1-chloropropane)

		108-60-1

		4.6

		NC

		NC

		46

		2.3

		0.017

		0.0033

		0.00269

		20

		115

		



		2,3,4,6-Tetrachlorophenol

		58-90-2

		180

		NC

		NC

		1800

		90

		0.033

		0.0033

		0.00207

		30

		150

		



		2,4,5-Trichlorophenol

		95-95-4

		610

		1.35

		0.819

		6100

		0.409675

		0.017

		0.017

		0.00391

		50

		110

		



		2,4,6-Trichlorophenol

		88-06-2

		6.1

		0.58

		2.647

		61

		0.29

		0.017

		0.0033

		0.0017

		45

		110

		



		2,4-Dichlorophenol

		120-83-2

		18

		0.5

		NC

		180

		0.25

		0.033

		0.0017

		0.00167

		45

		110

		



		2,4-Dimethylphenol

		105-67-9

		120

		1

		0.029

		1200

		0.01455

		0.17

		0.17

		0.0593

		30

		105

		



		2,4-Dinitrophenol

		51-28-5

		12

		20

		NC

		120

		6

		0.17

		0.17

		0.0385

		15

		130

		



		2,4-Dinitrotoluene (DNT)

		121-14-2

		1.6

		11

		3.184

		16

		0.8

		0.033

		0.017

		0.00497

		50

		115

		



		2,6-DNT

		606-20-2

		0.336.1

		8.5

		0.549

		3.3

		0.1653.05

		0.017

		0.00333

		0.00333

		50

		110

		



		2-Chloronaphthalene

		91-58-7

		630

		NC

		0.06

		6300

		0.0390

		0.017

		0.0017

		0.00167

		45

		105

		



		2-Chlorophenol

		95-57-8

		39

		0.5

		0.344

		390

		0.17225

		0.017

		0.0033

		0.00079

		45

		105

		



		2-Methylnaphthalene

		91-57-6

		23

		NC

		0.07

		230

		0.03511.5

		0.017

		0.0017

		0.00167

		45

		105

		



		2-Methylphenol

		95-48-7

		310

		1

		0.063

		3100

		0.03155

		0.017

		0.0066

		0.00335

		40

		105

		



		2-Nitroaniline

		88-74-4

		61

		NC

		NC

		610

		30.5

		0.017

		0.017

		0.00589

		45

		120

		



		2-Nitrophenol

		88-75-5

		NC39

		1

		NC

		NC

		0.5

		0.017

		0.0033

		0.00153

		40

		110

		



		3,3'-Dichlorobenzidine

		91-94-1

		1.1

		NC

		2.06

		11

		0.55

		0.83

		0.33

		0.104

		10

		130

		



		3- and 4-Methylphenol

		m&pCRESOL

		310610

		1

		0.67

		3100

		0.3355

		0.033

		0.0033

		0.00201

		40

		105

		



		3-Nitroaniline

		99-09-2

		NC

		NC

		NC

		NC

		Lab LOD

		0.033

		0.033

		0.0134

		25

		110

		



		4,6-Dinitro-2-methylphenol

		534-52-1

		0.49

		1

		NC

		4.9

		0.245

		0.17

		0.0333

		0.0333

		30

		135

		



		4-Bromophenyl-phenylether

		101-55-3

		NC

		NC

		NC

		NC

		Lab LOD

		0.017

		0.0017

		0.00167

		45

		115

		



		4-Chloro-3-methylphenol

		59-50-7

		610

		0.5

		NC

		6100

		0.25

		0.017

		0.0066

		0.00375

		45

		115

		



		4-Chloroaniline

		106-47-8

		2.4

		0.5

		NC

		24

		0.25

		0.067

		0.0333

		0.0333

		10

		95

		



		4-Chlorophenyl-phenylether

		7005-72-3

		NC31

		NC

		NC

		NC

		Lab LOD 15.5

		0.017

		0.0017

		0.00167

		45

		110

		



		Table 8-8

Reference Limits and Evaluation Table



		Matrix: Surface Soil, Subsurface Soil, Sediment (tentative)



		Analytical Group: SVOCs

		

		

		

		

		

		

		



		All units are mg/kg

		 

		 

		 

		

		

		

		

		

		

		



		Analyte

		CAS Number5

		Soil PALs 1,2

		Sediment PALs 1,2

		PQL Goal2,3

		Laboratory Limits2

		LCS and MS/MSD Recovery Limits and RPD4 (%)



		

		

		Adjusted Residential Soil RSL 

		Soil ESV

		Marine Sediment ESV

		Adjusted Residential Soil RSL X 10

		

		

		



		

		

		

		

		

		

		

		LOQ

		LOD

		DL

		LCL

		UCL

		RPD



		4-Nitroaniline

		100-01-6

		24

		NC

		NC

		240

		12

		0.033

		0.0333

		0.0333

		35

		115

		30



		4-Nitrophenol

		100-02-7

		NC4.8

		0.38

		NC

		NC

		0.19

		0.67

		0.033

		0.0267

		15

		140

		



		Acenaphthene

		83-32-9

		340

		NC

		0.016

		3400

		0.008170

		0.017

		0.0017

		0.00167

		45

		110

		



		Acenaphthylene

		208-96-8

		340

		NC

		0.044

		3400

		0.022170

		0.017

		0.0017

		0.00167

		45

		105

		



		Acetophenone

		98-86-2

		780

		NC

		NC

		2500

		390

		0.017

		0.00333

		0.00333

		50

		150

		



		Anthracene

		120-12-7

		1700

		NC

		0.0853

		17000

		0.0426850

		0.017

		0.0017

		0.00167

		55

		105

		



		Atrazine

		1912-24-9

		2.1

		0.0119

		NC

		21

		0.00595

		0.017

		0.0033

		0.00266

		61

		146

		



		Benzaldehyde

		100-52-7

		780

		NC

		NC

		1200

		390

		0.085

		0.0033

		0.00257

		50

		150

		



		Benzo(a)anthracene

		56-55-3

		0.15

		NC

		0.261

		1.5

		0.075

		0.017

		0.0017

		0.00167

		50

		110

		



		Benzo(a)pyrene

		50-32-8

		0.015

		NC

		0.43

		0.15

		0.0075

		0.017

		0.0017

		0.00167

		50

		110

		



		Benzo(b)fluoranthene

		205-99-2

		0.15

		NC

		1.8

		1.5

		0.075

		0.017

		0.0017

		0.00167

		45

		115

		



		Benzo(g,h,i)perylene

		191-24-2

		NC170

		NC

		0.67

		NC

		0.33585

		0.033

		0.0017

		0.00116

		40

		125

		



		Benzo(k)fluoranthene

		207-08-9

		1.5

		NC

		1.8

		15

		0.75

		0.017

		0.0017

		0.00167

		45

		125

		



		bis(2-Chloroethoxy)methane

		111-91-1

		18

		NC

		NC

		180

		9

		0.017

		0.0017

		0.00167

		45

		110

		



		bis(2-Chloroethyl)ether

		111-44-4

		0.21

		NC

		NC

		2.1

		0.105

		0.017

		0.0017

		0.00079

		40

		105

		



		bis(2-Ethylhexyl)phthalate

		117-81-7

		35

		30

		0.182

		350

		0.09115

		0.033

		0.017

		0.00409

		45

		125

		



		Butylbenzylphthalate

		85-68-7

		260

		30

		0.063

		2600

		0.031515

		0.033

		0.0033

		0.00168

		50

		125

		



		Caprolactam

		105-60-2

		3000100

		NC

		NC

		30000

		150050

		0.085

		0.033

		0.0131

		62

		112

		



		Carbazole

		86-74-8

		NC

		NC

		NC

		NC

		Lab LOD

		0.17

		0.033

		0.00892

		45

		115

		



		Chrysene

		218-01-9

		15

		NC

		0.384

		150

		0.1927.5

		0.017

		0.0017

		0.00167

		55

		110

		



		Dibenz(a,h)anthracene

		53-70-3

		0.015

		NC

		0.0634

		0.15

		0.0075

		0.033

		0.0017

		0.00167

		40

		125

		



		Dibenzofuran

		132-64-9

		7.8

		NC

		0.11

		78

		0.0553.9

		0.017

		0.0017

		0.00167

		50

		105

		



		Diethylphthalate

		84-66-2

		4900

		26.8

		0.218

		49000

		0.10913.4

		0.017

		0.0033

		0.0024

		50

		115

		



		Dimethyl phthalate

		131-11-3

		NC

		10.64

		0.53

		NC

		0.2655.32

		0.017

		0.0033

		0.00186

		50

		110

		



		Di-n-butylphthalate

		84-74-2

		610

		40

		0.058

		6100

		0.02920

		0.067

		0.017

		0.0141

		55

		110

		



		Di-n-octylphthalate

		117-84-0

		6173

		30

		0.061

		610

		0.03015

		0.017

		0.0017

		0.00112

		40

		130

		



		Fluoranthene

		206-44-0

		230

		NC

		0.6

		2300

		0.3115

		0.017

		0.0017

		0.00167

		55

		115

		



		Fluorene

		86-73-7

		230

		NC

		0.019

		2300

		0.0095115

		0.033

		0.0017

		0.00167

		50

		110

		



		Hexachlorobenzene

		118-74-1

		0.3

		1

		0.0038

		3

		0.001915

		0.017

		0.0017

		0.00167

		45

		120

		



		Hexachlorobutadiene

		87-68-3

		6.1

		NC

		0.039

		61

		0.0193.05

		0.017

		0.0017

		0.00167

		40

		115

		30



		Hexachlorocyclopentadiene

		77-47-4

		37

		2

		0.139

		370

		0.0691

		0.017

		0.0033

		0.0027

		10

		113

		



		Hexachloroethane

		67-72-1

		4.3

		NC

		0.073

		43

		0.0362.15

		0.017

		0.0017

		0.00133

		35

		110

		



		Indeno(1,2,3-cd)pyrene

		193-39-5

		0.15

		NC

		0.6

		1.5

		0.075

		0.033

		0.0017

		0.00167

		40

		120

		



		Isophorone

		78-59-1

		510

		NC

		NC

		5100

		255

		0.017

		0.0017

		0.00105

		45

		110

		



		Naphthalene

		91-20-3

		3.6

		NC

		0.16

		36

		0.081.8

		0.017

		0.0017

		0.00167

		40

		105

		



		Nitrobenzene (NB)

		98-95-3

		4.8

		2.26

		0.021

		48

		0.0101.13

		0.017

		0.0017

		0.00146

		40

		115

		



		n-Nitroso-di-n-propylamine

		621-64-7

		0.069

		NC

		NC

		0.69

		0.0345

		0.017

		0.0033

		0.00217

		40

		115

		



		n-Nitrosodiphenylamine

		86-30-6

		99

		1.09

		0.028

		990

		0.014545

		0.017

		0.0017

		0.00167

		50

		115

		



		Pentachlorophenol

		87-86-5

		0.89

		5

		0.36

		8.9

		0.18445

		0.17

		0.033

		0.0149

		25

		120

		



		Phenanthrene

		85-01-8

		NC1700

		NC

		0.24

		NC

		0.12850

		0.017

		0.0017

		0.00072

		50

		110

		



		Phenol

		108-95-2

		1800

		1.88

		0.42

		18000

		0.2194

		0.17

		0.0033

		0.00131

		40

		100

		



		Pyrene

		129-00-0

		170

		NC

		0.665

		1700

		0.33285

		0.017

		0.0017

		0.00167

		45

		125

		



		Notes:



		1 Refer to Section 4.1.4 for specific ID of PALs by matrix. The residential soil RSLs shown in this table are from November 20132 and the ecological screening levels are those for surface soil.



		2 PALs and PQL Goals assume dry weight basis.



		3 PQL goals are equal to half of the minimum applicable PAL.



		4 DoD QSM v.4.2 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where in-house limits are used.



		5 In some instances a contractor-specific identifier is shown.



		NC indicates that there is no criterion for an analyte.



		Shading indicates instances where the PAL is lower than the LOD. Non-detects will not be treated as exceedances, though they will be reported at a value greater than the PAL. 
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[bookmark: _Toc333767121][bookmark: _Toc336538387]Reference Limits and Evaluation Table



		Matrix: Surface Soil, Subsurface Soil, Sediment (tentative)



		Analytical Group: Explosives

		

		

		

		

		

		

		

		

		

		



		All units are mg/kg

		 

		 

		 

		

		

		

		

		

		

		



		Analyte

		CAS Number

		Soil PALs 1,2

		Sediment PALs 1,2

		PQL Goal2,3

		Laboratory Limits2

		LCS and MS/MSD Recovery Limits and RPD4 (%)



		

		

		Adjusted Residential Soil RSL 

		Soil ESV

		Marine Sediment ESV

		Adjusted Residential Soil RSL X 10

		

		

		



		

		

		

		

		

		

		

		LOQ

		LOD

		DL

		LCL

		UCL

		RPD



		Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX)

		2691-41-0

		380

		10

		115

		3800

		5

		2.5

		1

		0.463

		75

		125

		30



		Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX)

		121-82-4

		5.6

		10

		891

		56

		2.8

		2.5

		1

		0.607

		70

		135

		



		1,3,5-Trinitrobenzene (TNB)

		99-35-4

		220

		NC

		7

		2200

		3.5110

		2.5

		1

		0.438

		75

		125

		



		1,3-Dinitrobenzene (DNB)

		99-65-0

		0.61

		NC

		NC

		6.1

		0.305

		2.5

		0.5

		0.118

		80

		125

		



		Methyl-2,4,6-trinitrophenylnitramine (Tetryl)

		479-45-8

		1224

		NC

		0.072

		120

		0.03612

		2.5

		1

		0.959

		10

		150

		



		NB

		98-95-3

		4.8

		2.26

		0.021

		48

		0.01051.13

		2.5

		1

		0.338

		75

		125

		



		2,4,6-Trinitrotoluene (TNT)

		118-96-7

		3.6

		10

		20

		36

		1.8

		2.5

		0.5

		0.219

		55

		140

		



		4-Amino-2,6-dinitrotoluene (4-Am-DNT)

		19406-51-0

		15

		80

		NC

		150

		7.5

		2.5

		1

		0.741

		80

		125

		



		2-Amino-4,6-dinitrotoluene (2-Am-DNT)

		35572-78-2

		15

		80

		NC

		150

		7.5

		2.5

		2

		1.04

		80

		125

		



		2,4-DNT

		121-14-2

		1.6

		11

		3.184

		16

		0.8

		2.5

		1

		0.317

		80

		125

		



		2,6-DNT

		606-20-2

		0.336.1

		8.5

		0.549

		3.3

		0.1653.05

		2.5

		1

		0.42

		80

		120

		



		2-Nitrotoluene (NT)

		88-72-2

		2.9

		NC

		NC

		29

		1.45

		2.5

		1

		0.686

		80

		125

		



		3-NT

		99-08-1

		0.61

		NC

		NC

		6.1

		0.305

		2.5

		1

		0.767

		75

		120

		



		4-NT

		99-99-0

		24

		NC

		NC

		240

		12

		2.5

		1

		0.978

		75

		125

		



		PETN

		78-11-5

		12

		NC

		NC

		120

		6

		5

		2.5

		1.72

		30

		120

		



		NG

		55-63-0

		0.61

		NC

		NC

		6.1

		0.305

		5

		2.5

		1.98

		72

		112

		



		Notes:



		1 Refer to Section 4.1.4 for specific ID of PALs by matrix. The residential soil RSLs shown in this table are from November 20132 and the ecological screening levels are those for surface soil.



		2 PALs and PQL Goals assume dry weight basis.



		3 PQL goals are equal to half of the minimum applicable PAL.



		4 DoD QSM v.4.2 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where in-house limits are used.



		NC indicates that there is no criterion for an analyte.



		Shading indicates instances where the PAL is lower than the LOD. Non-detects will not be treated as exceedances, though they will be reported at a value greater than the PAL. 
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		Matrix: Surface Soil, Subsurface Soil, Sediment (tentative)



		Analytical Group: Metals



		All units are mg/kg



		Analyte

		CAS Number

		Analytical Method

		Soil PALs

		Sediment PALs 1,3

		

		

		



		

		

		

		Adjusted Residential Soil RSL1,3

		Surface Soil Background1,2

		Subsurface Soil Background1,2

		ESV1,3

		Marine Sediment ESV

		Adjusted Residential Soil RSL X 10

		PQL Goal3,4

		Laboratory Limits3

		LCS and MS/MSD Recovery Limits and RPD5 (%)



		

		

		

		

		

		

		

		

		

		

		LOQ

		LOD

		DL

		LCL

		UCL

		RPD



		Aluminum

		7429-90-5

		6010

		7700

		12200

		13000

		pH < 5.5

		18000

		77000

		3850

		10

		5

		1.36

		80

		120

		20



		Antimony

		7440-36-0

		6020

		3.1

		11

		NC

		78

		2.00

		31

		1.55

		0.2

		0.05

		0.0243

		

		

		



		Arsenic

		7440-38-2

		6020

		0.6139

		6.36

		5.54

		18

		8.20

		6.1

		0.195

		0.5

		0.05

		0.0163

		

		

		



		Barium

		7440-39-3

		6020

		1500

		52.9

		84.5

		330

		48.0

		15000

		246.45

		0.1

		0.02

		0.0122

		

		

		



		Beryllium

		7440-41-7

		6020

		16

		0.587

		0.52

		40

		NC

		160

		0.26

		0.1

		0.05

		0.0195

		

		

		



		Cadmium

		7440-43-9

		6020

		7

		1.5

		NC

		32

		1.20

		70

		0.6075

		0.05

		0.05

		0.0033

		

		

		



		Calcium

		7440-70-2

		6010

		NC

		2290

		2380

		NC

		NC

		NC

		1145

		50

		50

		20.2

		

		

		



		Chromium

		7440-47-3

		6020

		0.29

		18.2

		33.7

		64

		81.0

		2.9

		0.145

		0.2

		0.05

		0.0139

		

		

		



		Cobalt

		7440-48-4

		6020

		2.3

		9.93

		5.18

		13

		10.0

		23

		1.15

		0.1

		0.02

		0.0064

		

		

		



		Copper

		7440-50-8

		6020

		310

		4.25

		3.17

		70

		34.0

		3100

		1.585

		0.2

		0.1

		0.0254

		

		

		



		Iron

		7439-89-6

		6010

		5500

		19900

		32000

		5 < pH > 8

		220000

		55000

		2750

		5

		1

		0.619

		

		

		



		Lead

		7439-92-1

		6020

		400

		17.4

		8.79

		120

		46.7

		4000

		4.395

		0.1

		0.02

		0.0066

		

		

		



		Magnesium

		7439-95-4

		6010

		NC

		1070

		1120

		NC

		NC

		NC

		535

		50

		25

		7.1

		

		

		



		Manganese

		7439-96-5

		6020

		180

		324

		176

		220

		260

		1800

		88

		0.2

		0.1

		0.0234

		

		

		



		Mercury

		7439-97-6

		7471

		2.3

		0.111

		0.14

		0.1

		0.15

		0.78

		0.05

		0.05

		0.017

		0.0061

		

		

		



		Nickel

		7440-02-0

		6020

		150

		9.52

		17.6

		38

		20.9

		1500

		4.76

		0.2

		0.05

		0.0161

		

		

		



		Potassium

		7440-09-7

		6010

		NC

		708

		901

		NC

		NC

		NC

		354

		50

		10

		7.13

		

		

		



		Selenium

		7782-49-2

		6020

		39

		0.51

		0.64

		0.52

		1.00

		390

		0.255

		0.5

		0.1

		0.0327

		

		

		



		Silver

		7440-22-4

		6020

		39

		2.1

		1.1

		560

		1.00

		390

		0.505

		0.1

		0.01

		0.0039

		75

		

		



		Sodium

		7440-23-5

		6010

		NC

		521

		811

		NC

		NC

		NC

		260.5

		50

		25

		6.03

		80

		

		



		Thallium

		7440-28-0

		6020

		0.078

		NC

		NC

		1

		NC

		0.78

		0.039

		0.1

		0.01

		0.0026

		

		

		



		Vanadium

		7440-62-2

		6020

		39

		27.9

		48.3

		130

		57.0

		390

		13.95

		0.1

		0.04

		0.0097

		

		

		



		Zinc

		7440-66-6

		6020

		2300

		26.5

		28

		120

		150

		23000

		13.25

		2

		1

		0.28

		

		

		



		Table 8-10

Reference Limits and Evaluation Table



		Matrix: Surface Soil, Subsurface Soil, Sediment (tentative)



		Analytical Group: Metals



		All units are mg/kg



		Analyte

		CAS Number

		Analytical Method

		Soil PALs

		Sediment PALs 1,3

		

		

		



		

		

		

		Adjusted Residential Soil RSL1,3

		Surface Soil Background1,2

		Subsurface Soil Background1,2

		ESV1,3

		Marine Sediment ESV

		Adjusted Residential Soil RSL X 10

		PQL Goal3,4

		Laboratory Limits3

		LCS and MS/MSD Recovery Limits and RPD5 (%)



		

		

		

		

		

		

		

		

		

		

		LOQ

		LOD

		DL

		LCL

		UCL

		RPD



		Cyanide

		57-12-5

		9014

		2.2

		NC

		2.7

		15.8

		NC

		22

		1.1

		0.1

		0.05

		0.0223

		80

		120

		20



		Notes:



		1 Refer to Section 4.1.4 for specific ID of PALs by matrix. The residential soil RSLs shown in this table are from November 20132 and the ecological screening levels are those for surface soil. Background values are provided for reference.



		2 Background values are 95 percent UTLs, or if no 95 percent UTL exists, the maximum background value. Maximum background values are underlined and italicized.



		3 PALs and PQL Goals assume dry weight basis.



		4 PQL goals are equal to half of the minimum applicable PAL.



		5 DoD QSM v.4.2 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where in-house limits are used.



		NC indicates that there is no criterion for an analyte.



		Shading indicates instances where the PAL is lower than the LOD. Non-detects will not be treated as exceedances, though they will be reported at a value greater than the PAL. 
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				Table 8-11

Reference Limits and Evaluation Table



		Matrix: Sediment (tentative)

		

		

		

		

		

		

		



		Analytical Group: Wet Chemistry (AVS/SEM)

		

		

		

		

		

		

		



		Analyte

		CAS Number3

		Units

		PIL1,2

		Laboratory-Specific

		LCS, MS/MSD Percent Recovery (%R) and RPD Limits4



		

		

		

		

		LOQ

		LOD

		DL

		LCL

		UCL

		%RPD



		AVS

		ACIDSO2

		Micromole per gram (µmol/g)

		N/A

		0.068

		0.0184

		0.0082

		10

		183

		30



		Cadmium

		7440-43-9

		µmol/g

		N/A

		0.0022

		0.0011

		0.000452

		LCS: 80          MS: 75

		LCS: 120 MS: 125

		20



		Copper

		7440-50-8

		µmol/g

		N/A

		0.0039

		0.0039

		0.00152

		

		

		



		Lead

		7439-92-1

		µmol/g

		N/A

		0.006

		0.006

		0.00176

		

		

		



		Mercury

		7439-97-6

		µmol/g

		N/A

		0.000025

		1.25E-05

		6.90E-06

		

		

		



		Nickel

		7440-02-0

		µmol/g

		N/A

		0.0043

		0.0043

		0.00162

		

		

		



		Silver

		7440-22-4

		µmol/g

		N/A

		0.0023

		0.0023

		0.000946

		

		

		



		Zinc

		7440-66-6

		µmol/g

		N/A

		0.0076

		0.0038

		0.00187

		

		

		



		Notes:

1 There are no action limits for wet chemistry analytes because they are screening data. PILs are approximate threshold values for results that will help support the ERA.

2 The ratio of AVS/SEM will be used to evaluate the potential bioavailability of certain metals in sediment.

3 In some instances a contractor-specific identifier is used.

4 DoD QSM v.4.1 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where statistical in-house limits are used.
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[bookmark: _Toc333767125][bookmark: _Toc336538391]Reference Limits and Evaluation Table



		Matrix: Surface Soil, Subsurface Soil, and Sediment (tentative)



		Analytical Group: Wet Chemistry

		

		

		

		

		

		

		

		

		



		Analyte

		CAS Number5

		Units

		PIL1

		Laboratory Limits3

		LCS and MS/MSD Recovery Limits and RPD4 (%)



		

		

		

		

		LOQ

		LOD

		DL

		LCL

		UCL

		RPD



		TOC

		TOC

		mg/kg

		2000

		1000

		1000

		558

		75

		125

		20



		pH

		PH

		pH

		5<pH<9

		0.1

		0

		0

		N/A

		N/A

		20



		Notes:

		 

		 

		 

		 

		 

		 

		 

		 

		 



		1 PILs were developed to assist in determining site conditions.



		2 pH results will be used to determine the bioavailability of certain metals.



		3 TOC results will be used to determine the bioavailability of organic chemicals.



		4 DoD QSM v.4.2 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where in-house limits are used.



		5 Contractor-specific identifiers are shown.
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		Matrix: Surface Soil, Subsurface Soil, and Sediment (tentative)

		

		



		Analytical Group: Grain-size

		

		



		Analyte

		CAS Number1

		Units



		GS03 Sieve 3-inch (75 millimeters [mm])

		SIEVE75.0

		Percent passing (PCT_P)



		GS05 Sieve 2-inch (50 mm)

		SIEVE50.0

		PCT_P



		GS06 Sieve 1.5-inch (37.5 mm)

		SIEVE37.5

		PCT_P



		GS07 Sieve 1-inch (25.0 mm)

		SIEVE25.0

		PCT_P



		GS08 Sieve 0.75-inch (19.0 mm)

		SIEVE19.0

		PCT_P



		GS10 Sieve 0.375-inch (9.5 mm)

		SIEVE9.5

		PCT_P



		Sieve No. 004 (4.75 mm)

		SIEVE4.75

		PCT_P



		Sieve No. 010 (2.00 mm)

		SIEVE2.0

		PCT_P



		Sieve No. 020 (850 micrometers [µm])

		SIEVE850

		PCT_P



		Sieve No. 040 (425 µm)

		SIEVE425

		PCT_P



		Sieve No. 060 (250 µm)

		SIEVE250

		PCT_P



		Sieve No. 080 (180 µm)

		SIEVE180

		PCT_P



		Sieve No. 100 (150 µm)

		SIEVE150

		PCT_P



		Sieve No. 200 (75 µm)

		SIEVE75

		PCT_P



		Gravel (%)

		GRAVEL

		Percent (PCT)



		Sand (%)

		14808-60-7

		PCT



		Coarse Sand (%)

		COARSESAND

		PCT



		Medium Sand (%)

		MEDIUMSAND

		PCT



		Fine Sand (%)

		FINESAND

		PCT



		Fines (%)

		FINES

		PCT



		Notes:



		There are no PALs or laboratory limits for grain-size analysis.



		1 Contractor-specific identifiers are shown.
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		[bookmark: _Toc333767129][bookmark: _Toc336538395]Analytical SOP References Table



		Laboratory Name and Address: TriMatrix Laboratories, 5560 Corporate Exchange Ct. SE, Grand Rapids, MI 49512



		POC: Walt Roudebush



		Phone Number: (616) 975-4561



		Lab SOP Number

		Title, Revision Date, and Number

		Date reviewed if not revised

		Definitive or Screening Data

		Matrix and Analytical Group

		Instrument

		Variance to QSM

		Modified for Project Work? (Y/N)



		GR-01-100

		Inductively Coupled Plasma (ICP) Atomic Emission Spectroscopy-Perkin Elmer OPTIMA-3300DV/5300DV; 09/20/11, rev 5.9

		10/4/2012

		Definitive

		SS, SB, GW / METALs, FMETALs

		ICP

		None

		N



		GR-01-123

		Mercury by Semi-automated Cold Vapor Atomic Absorption (CVAA), 09/25/11; rev 5.8

		10/4/2012

		Definitive

		SS, SB, GW / METALs, FMETALs

		CVAA

		None

		N



		GR-01-129

		Inductively Coupled Plasma Mass Spectrometry (ICPMS) Perkin Elmer ELAN-6000/6100; 03/25/12, rev 4.1

		N/A

		Definitive

		SS, SB, GW / METALs, FMETALs

		ICPMS

		None

		N



		GR-01-137

		Block Digestion of Solids for ICP and ICPMS; 10/31/12, rev 1.7

		N/A

		Definitive

		SS, SB / METALs

		Block Digester

		None

		N



		GR-01-139

		Preparation Procedure for Mercury in Soils, Wastes, and Oils; 01/09/12, rev 0.2

		pending annual review

		Definitive

		SS, SB / METALs

		Block Digester

		None

		N



		GR-01-140

		Preparation Procedure for Mercury in Water, Wastewater, and Liquid Waste; 01/09/12, rev 0.4

		pending annual review

		Definitive

		GW / METALs, FMETALs

		Block Digester

		None

		N



		GR-01-147

		Block Digestion of Total Metals in Water for ICP; 09/15/12, rev 0.5

		N/A

		Definitive

		GW / METALs, FMETALs

		Block Digester

		None

		N



		GR-01-148

		Block Digestion of Aqueous Samples and Extracts for Total/Dissolved Metals by ICPMS; 10/20/11, rev 0.4

		10/4/2012

		Definitive

		SS, SB, GW / METALs, FMETALs

		Block Digester

		None

		N



		GR-02-113

		Determination of Inorganic Anions by Ion Chromatography, 08/20/12, rev 3.0

		N/A

		Screening

		GW / WCHEM

		Ion Chromatograph

		None

		N



		GR-03-130

		Analysis of MEE in Water by Headspace Equilibrium and Gas Chromatography; 9/30/11, rev 0.5

		pending annual review

		Definitive

		GW / VOCs

		Gas Chromatograph/ Flame Ionization Detector (GC/FID)

		None

		N



		GR-04-103

		Base/Neutral/Acid (BNA) Compounds by Gas Chromatography/ Mass Spectrometry (GC/MS); 07/02/12, rev 5.8

		N/A

		Definitive

		SS, SB, GW / SVOCs,  1,4-Dioxane

		GC/MS

		None

		N



		GR-04-104

		VOCs by Purge and Trap Capillary Column GC/MS; 1/25/2012, rev 4.7

		12/13/2012

		Definitive

		SS, SB, GW / VOCs

		GC/MS

		None

		N



		GR-04-105

		Closed System Purge and Trap and Extraction for VOCs; 08/25/12, rev 1.4

		N/A

		Definitive

		SS, SB / VOCs

		N/A

		None

		N



		GR-05-105

		TOC, Dissolved Organic Carbon (DOC), Total Inorganic Carbon (TIC); 03/25/12, rev 3.6

		N/A

		Screening

		GW / WCHEM

		TOC Analyzer

		None

		N



		GR-05-122

		Total and Amenable Cyanide by Konelab Ultraviolet (UV) Spectrophotometry; 03/25/12, rev 0.5

		N/A

		Definitive

		SS, SB, GW / METALs

		Spectrophotometer

		None

		N



		GR-05-132

		Leco Carbon Analyzer (Organic Carbon); 01/12/12, rev 0.0

		2/4/2013

		Screening

		SS / WCHEM

		TOC Analyzer

		None

		N



		GR-06-101

		Total, Bicarbonate, Carbonate, and Hydroxide Alkalinity by Titration; 01/20/12, rev 3.4

		pending annual review

		Screening

		GW/WCHEM

		Buret

		None

		N



		GR-06-110

		Iodometric Sulfide Titration; 09/25/11, rev 0.3

		pending annual review

		Definitive

		GW / WCHEM

		pH meter / glassware for titration

		None

		N



		GR-07-113

		pH Potentiometric Method Soils and Wastes (Non-Aqueous Liquids); 01/12/12, rev 0.4

		pending annual review

		Screening

		SS / WCHEM

		pH meter

		None

		N



		GR-09-101

		Extraction of BNA from Water; 08/05/12, rev 3.5

		N/A

		Definitive

		GW / SVOCs,

		Separatory Funnel

		None

		N



		GR-09-103

		Extraction of BNA Semi-Volatiles from Soil; Sediment and Sludge, 10/31/11, rev 3.8

		1/31/2013

		Definitive

		SS, SB / SVOCs

		Sonication

		None

		N



		GR-10-104

		Internal Chain of Custody; 11/10/11, rev 2.3

		pending annual review

		N/A

		N/A

		N/A

		None

		N



		GR-15-100

		Sample Receiving/Sample Log-In; 12/30/12, rev 3.4

		N/A

		N/A

		N/A

		N/A

		None

		N



		GR-15-102

		Laboratory Waste Disposal Guidelines; 08/15/12, rev 2.4

		N/A

		N/A

		N/A

		N/A

		None

		N



		GR-16-115

		Nitroaromatics and Nitramines by High Performance Liquid Chromatography (HPLC); 06/01/12, rev 1.6

		N/A

		N/A

		N/A

		N/A

		None

		N



		GR-16-116

		NG and PETN by HPLC; 02/28/12, rev 0.5

		pending annual review

		N/A

		N/A

		N/A

		None

		N



		GR-19-100

		AVS and Selected SEM, 02/04/13, rev 2.3

		NA

		Definitive

		Solid/ Wet Chemistry

		Spectrophotometer, ICP/ AES, CVAA

		None

		No



		GR-16-119

		Particle Size Analysis of Soils; 01/09/12, rev 0.0

		pending annual review

		Screening

		SS / GRAINSIZE

		Sieve

		None

		N



		GR-18-106

		Total and Amenable Cyanide Extraction and/or Macro-Distillation; 08/15/12, rev 3.4

		N/A

		Definitive

		SS, SB, GW / METALs

		glassware / equipment for distillation

		None

		N



		GR-18-109

		Midi-Distillation for Total and Amenable Cyanide; 08/15/12, rev 3.7

		N/A

		Definitive

		SS, SB, GW / METALs

		glassware / equipment for distillation

		None

		N



		Required Laboratory Accreditation: DoD Environmental Laboratory Accreditation Program (ELAP)



		Expiration Date: 4/30/2013
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		Laboratory Name and Address: Microbial Insights,  2340 Stock Creek Blvd., Rockford, TN 37853



		POC: Anita Biernacki



		Phone Number: (865) 573-8188



		Lab SOP Number

		Title, Revision Date, and Number

		Date reviewed if not revised

		Definitive or Screening Data

		Matrix and Analytical Group

		Instrument

		Variance to QSM

		Modified for Project Work? (Y/N)



		MISOP-DNAEXT

		Extraction of DNA from Environmental Samples (matrix - water, soil, biofilm, bio-sep beads), rev 1.0

		6/22/2012 

		Screening

		GW / Microbial

		N/A

		N/A

		N



		MISOP-DNA-qPCR

		qPCR rev1.0

		 6/22/2012

		Screening

		GW / Microbial

		N/A

		N/A

		N



		MISOP-Waste Disposal

		Waste Disposal rev 1.0

		6/22/2012

		Screening

		GW / Microbial

		N/A

		N/A

		N
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[bookmark: _Toc333767133][bookmark: _Toc336538397]Laboratory QC Samples



		Matrix: Groundwater, Pore Water



		Analytical Group: VOCs



		Analytical Method/SOP Reference: SW-846 8260B / GR-04-104



		QC Sample

		Frequency/ Number

		Method/SOP QC Acceptance Limits

		CA

		Person(s) Responsible for CA

		DQI

		MPC



		Method Blank

		One per preparatory batch of up to 20 samples.

		No analytes detected > 1/2 LOQ and > 1/10 the amount measured in any associated sample or >1/10 the regulatory limit (whichever is greater). Blank result must not otherwise affect sample results. For common laboratory contaminants, no analytes detected > LOQ.

		Correct the problem. If QC acceptance criteria still not met, reprep and reanalyze the method blank and all samples processed with the contaminated blank.

		Analyst / Laboratory Area Supervisor

		Contamination / Bias

		Same as Method / SOP QC Acceptance Limits.



		LCS containing all analytes to be reported

		

		QC acceptance criteria specified in DoD QSM v4.2; refer to Tables 8-1 and 8-2. 

		Correct problem, then reprep and reanalyze the LCS and all samples in the associated preparatory batch for failed analytes, if sufficient sample material is available.

		

		Accuracy / Bias

		



		MS

		

		Same as LCS.

		Examine results of LCS. If both the LCS and MS/MSD are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Accuracy / Bias

		



		MSD

		

		Same as LCS, and refer to Tables 8-1 and 8-2 for RPD.

		

		

		Precision / Accuracy / Bias

		



		Internal Standards (IS)

		Every field sample, standard, and QC sample.

		Retention times for ISs must be ± 30 seconds from retention time of the midpoint standard in the initial calibration (ICAL) and the responses within -50% to +100% of ICAL midpoint standard.

		Inspect mass spectrometer and/or gas chromatograph for malfunctions. Reanalysis of samples analyzed while system was malfunctioning is mandatory.

		

		Precision / Accuracy / Bias

		



		Surrogate spike

		All field and QC samples.

		1,2-DCA-d4 70-120%,
4-Bromofluorobenzene 75-120%,
dibromofluoromethane 85-115%
Toluene-d8 85-120%

		For QC and field samples, correct problem then reprep and reanalyze all failed samples for failed surrogates in the associated preparatory batch, if sufficient sample material is available. If obvious chromatographic interference with surrogate is present, reanalysis may not be necessary.

		

		Accuracy / Bias

		










		[bookmark: _Toc333767134][bookmark: _Toc336515972][bookmark: _Toc336538398]Table 10-2
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		Matrix: Groundwater



		Analytical Group: VOCs (MEE)



		Analytical Method/SOP Reference: RSK-175 / GR-03-130



		QC Sample

		Frequency/ Number

		Method/SOP QC Acceptance Limits

		CA

		Person(s) Responsible for CA

		DQI

		MPC



		Method Blank

		One per preparatory batch of up to 20 samples.

		No analytes detected > 1/2 LOQ and > 1/10 the amount measured in any associated sample or >1/10 the regulatory limit (whichever is greater). Blank result must not otherwise affect sample results. For common laboratory contaminants, no analytes detected > LOQ.

		Correct the problem. If QC acceptance criteria still not met, reprep and reanalyze the method blank and all samples processed with the contaminated blank.

		Analyst / Laboratory Area Supervisor

		Contamination / Bias

		Same as Method/ SOP QC Acceptance Limits.



		LCS containing all analytes to be reported

		

		QC acceptance criteria specified in DoD QSM v4.2; refer to Tables 8-1 and 8-2. 

		Correct problem, then reprep and reanalyze the LCS and all samples in the associated preparatory batch for failed analytes, if sufficient sample material is available.

		

		Accuracy / Bias

		



		MS

		

		Same as LCS.

		Examine results of LCS. If both the LCS and MS/MSD are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Accuracy / Bias

		



		MSD

		

		Same as LCS, and refer to Tables 8-1 and 8-2 for RPD.

		

		

		Precision / Accuracy / Bias

		










		Table 10-3

Laboratory QC Samples



		Matrix: Groundwater



		Analytical Group: SVOCs (1,4-dioxane)



		Analytical Method/SOP Reference: SW-846 8270C / GR-04-103



		QC Sample

		Frequency/ Number

		Method/SOP QC Acceptance Limits

		CA

		Person(s) Responsible for CA

		DQI

		MPC



		[bookmark: _Toc333767136][bookmark: _Toc336515974][bookmark: _Toc336538400]Method Blank

		One per preparatory batch of up to 20 samples.

		Analyte not detected > 1/2 RL and greater than 1/10 the regulatory limit (whichever is greater). Blank result must not otherwise affect sample results.

		Correct the problem. If required, reprep and reanalyze the method blank and all samples processed with the contaminated blank.

		Analyst / Laboratory Area Supervisor

		Contamination / Bias

		[bookmark: _GoBack]Same as Method / SOP QC Acceptance Limits



		LCS containing analyte to be reported, including surrogate

		One per preparatory batch of up to 20 samples.

		QC acceptance criteria specified in DoD QSM v4.1, if available. Otherwise use in-house limits.

		Correct problem, then reprep and reanalyze the LCS and all samples in the associated preparatory batch for failed analyte, if sufficient sample material is available.

		

		Accuracy / Bias

		



		Laboratory Control Sample Duplicate (LCSD) containing analyte to be reported, including surrogate 

		One per preparatory batch of up to 20 samples.

		QC acceptance criteria specified in DoD QSM v4.1, if available. Otherwise use in-house limits.

		Correct problem, then reprep and reanalyze the LCS/LCSD and all samples in the associated preparatory batch for failed analyte, if sufficient sample material is available.

		

		Accuracy / Bias

		



		MS - Full Scan

		One per preparatory batch of up to 20 samples.

		For matrix evaluation use QC acceptance criteria specified for LCS.

		Examine results of LCS. If both the LCS and MS/MSD are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Accuracy / Bias

		



		MSD - Full Scan

		One per preparatory batch of up to 20 samples.

		MSD: For matrix evaluation, use QC acceptance criteria specified for LCS. MSD: RPD < 30% (between MS and MSD).

		Examine results of LCS. If both the LCS and MS/MSD are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Precision / Accuracy / Bias

		



		IS verification

		Every field sample, standard, and QC sample

		Retention time for IS must be ± 30 seconds from retention time of the midpoint standard in the ICAL and the responses within -50% to +100% of ICAL midpoint standard.

		Inspect mass spectrometer and/or gas chromatograph for malfunctions. Reanalysis of samples analyzed while system was malfunctioning is mandatory.

		Analyst / Laboratory Area Supervisor

		Precision / Accuracy / Bias

		Same as Method / SOP QC Acceptance Limits



		Surrogate spike - Full Scan

		All field and QC samples.

		1,4-Dioxane-d8 24-92%R

		For QC and field samples, correct problem then reprep and reanalyze all failed samples for failed surrogate in the associated preparatory batch, if sufficient sample material is available. If obvious chromatographic interference with surrogate is present, reanalysis may not be necessary.

		

		Accuracy / Bias

		



		1 Italicized limits are in-house, DoD QSM v. 4.1 does not specify limits for this surrogate.








		Table 10-4
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		Matrix: Groundwater



		Analytical Group: Wet Chemistry (Alkalinity)



		Analytical Method/SOP Reference: SM2320B / GR-06-101



		QC Sample

		Frequency/ Number

		Method/SOP QC Acceptance Limits

		CA

		Person(s) Responsible for CA

		DQI

		MPC



		Method Blank

		One per preparatory batch of up to 20 samples.

		No analytes detected > 1/2 LOQ and > 1/10 the amount measured in any associated sample or >1/10 the regulatory limit (whichever is greater). Blank result must not otherwise affect sample results.

		Correct the problem. If QC acceptance criteria still not met, reprep and reanalyze the method blank and all samples processed with the contaminated blank.

		Analyst / Laboratory Area Supervisor

		Contamination / Bias

		Same as Method/SOP QC Acceptance Limits.



		LCS

		

		QC acceptance criteria specified in DoD QSM v4.2; refer to Table 8-4. 

		Correct the problem. Reprep and reanalyze the LCS and all samples in the associated preparatory batch for failed analytes, if sufficient sample material is available.

		

		Accuracy / Bias

		



		MS

		

		Same as LCS.

		Examine results of LCS. If both the LCS and MS/MSD are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Accuracy / Bias

		



		MSD

		

		Same as LCS, and refer to Table 8-4 for RPD.

		

		

		Precision / Accuracy / Bias
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		Matrix: Groundwater



		Analytical Group: Wet Chemistry (Nitrate, Nitrite, Sulfate)



		Analytical Method/SOP Reference:  EPA 300.0 / GR-02-113



		QC Sample

		Frequency/Number

		Method/SOP QC Acceptance Limits

		CA

		Person(s) Responsible for CA

		DQI

		MPC



		Method Blank

		One per preparatory batch of up to 20 samples.

		No analytes detected > 1/2 LOQ and > 1/10 the amount measured in any associated sample or >1/10 the regulatory limit (whichever is greater). Blank result must not otherwise affect sample results.

		Correct the problem. If QC acceptance criteria still not met, reprep and reanalyze the method blank and all samples processed with the contaminated blank.

		Analyst / Laboratory Area Supervisor

		Contamination / Bias

		Same as Method/SOP QC Acceptance Limits.



		LCS containing all analytes to be reported

		One per preparatory batch of up to 20 samples.

		QC acceptance criteria specified in DoD QSM v4.2; refer to Table 8-4. 

		Correct the problem. Reprep and reanalyze the LCS and all samples in the associated preparatory batch for failed analytes, if sufficient sample material is available.

		

		Accuracy / Bias

		



		MS

		One per preparatory batch of up to 20 samples.

		Same as LCS.

		Examine results of LCS. If both the LCS and MS/MSD are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Accuracy / Bias

		



		MSD

		One per preparatory batch of up to 20 samples.

		Same as LCS, and refer to Table 8-4 for RPD.

		

		

		Precision / Accuracy / Bias
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		Matrix: Groundwater



		Analytical Group: Wet Chemistry (Sulfide)



		Analytical Method/SOP Reference: SM 4500-S2-F / GR-06-110



		QC Sample

		Frequency/ Number

		Method/SOP QC Acceptance Limits

		CA

		Person(s) Responsible for CA

		DQI

		MPC



		Method Blank

		One per preparatory batch of up to 20 samples.

		No analytes detected > 1/2 LOQ and > 1/10 the amount measured in any associated sample or >1/10 the regulatory limit (whichever is greater). Blank result must not otherwise affect sample results.

		Correct the problem. If QC acceptance criteria still not met, reprep and reanalyze the method blank and all samples processed with the contaminated blank.

		Analyst / Laboratory Area Supervisor

		Contamination / Bias

		Same as Method/SOP QC Acceptance Limits.



		LCS

		One per preparatory batch of up to 20 samples.

		QC acceptance criteria specified in DoD QSM v4.2; refer to Table 8-4. 

		Correct the problem. Reprep and reanalyze the LCS and all samples in the associated preparatory batch for failed analytes, if sufficient sample material is available.

		

		Accuracy / Bias

		



		MS

		One per preparatory batch of up to 20 samples.

		Same as LCS.

		Examine results of LCS. If both the LCS and MS/MSD are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Accuracy / Bias

		



		MSD

		One per preparatory batch of up to 20 samples.

		Same as LCS, and refer to Table 8-4 for RPD.

		

		

		Precision / Accuracy / Bias
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		Matrix: Groundwater



		Analytical Group: Wet Chemistry (TOC)



		Analytical Method/SOP Reference: SW-846 9060A / GR-05-105



		QC Sample

		Frequency/Number

		Method/SOP QC Acceptance Limits

		CA

		Person(s) Responsible for CA

		DQI

		MPC



		Method Blank

		One per preparatory batch of up to 20 samples.

		No analytes detected > 1/2 LOQ and > 1/10 the amount measured in any associated sample or >1/10 the regulatory limit (whichever is greater). Blank result must not otherwise affect sample results.

		Correct the problem. If QC acceptance criteria still not met, reprep and reanalyze the method blank and all samples processed with the contaminated blank.

		Analyst / Laboratory Area Supervisor

		Contamination / Bias

		Same as Method/SOP QC Acceptance Limits.



		LCS

		One per preparatory batch of up to 20 samples.

		QC acceptance criteria specified in DoD QSM v4.2; refer to Table 8-4. 

		Correct the problem. Reprep and reanalyze the LCS and all samples in the associated preparatory batch for failed analytes, if sufficient sample material is available.

		

		Accuracy / Bias

		



		MS

		One per preparatory batch of up to 20 samples.

		Same as LCS.

		Examine results of LCS. If both the LCS and MS/MSD are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Accuracy / Bias

		



		MSD

		One per preparatory batch of up to 20 samples.

		Same as LCS, and refer to Table 8-4 for RPD.

		

		

		Precision / Accuracy / Bias
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		Matrix: Surface Soil, Subsurface Soil, Sediment (tentative)



		Analytical Group: VOCs



		Analytical Method/SOP Reference: SW-846 8260B / GR-04-104



		QC Sample

		Frequency/
Number

		Method/SOP QC Acceptance Limits

		CA

		Person(s) Responsible for CA

		DQI

		MPC



		Method Blank

		One per preparatory batch of up to 20 samples.

		No analytes detected > 1/2 LOQ and > 1/10 the amount measured in any associated sample or >1/10 the regulatory limit (whichever is greater). Blank result must not otherwise affect sample results. For common laboratory contaminants, no analytes detected > LOQ.

		Correct the problem. If QC acceptance criteria still not met, reprep and reanalyze the method blank and all samples processed with the contaminated blank.

		Analyst / Laboratory Area Supervisor

		Contamination / Bias

		Same as Method / SOP QC Acceptance Limits.



		LCS containing all analytes to be reported

		

		QC acceptance criteria specified in DoD QSM v4.2; refer to Table 8-7. 

		Correct the problem. Reprep and reanalyze the LCS and all samples in the associated preparatory batch for failed analytes, if sufficient sample material is available.

		

		Accuracy / Bias

		



		MS

		

		Same as LCS.

		Examine results of LCS. If both the LCS and MS/MSD are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Accuracy / Bias

		



		MSD

		

		Same as LCS, and refer to Table 8-7 for RPD.

		

		

		Precision / Accuracy / Bias

		



		IS

		Every field sample, standard, and QC sample

		Retention times for IS must be ± 30 seconds from retention time of the midpoint standard in the ICAL and the responses within -50% to +100% of ICAL midpoint standard.

		Inspect mass spectrometer and/or gas chromatograph for malfunctions. Reanalysis of samples analyzed while system was malfunctioning is mandatory.

		

		Precision / Accuracy / Bias

		



		Surrogate spike

		All field and QC samples.

		1,2-DCA-d4 66-124
Dibromofluoromethane 78-121
Toluene-d8 85-115%
4-Bromofluorobenzene 85-120%

		For QC and field samples, correct problem then reprep and reanalyze all failed samples for failed surrogates in the associated preparatory batch, if sufficient sample material is available. If obvious chromatographic interference with surrogate is present, reanalysis may not be necessary.

		

		Accuracy / Bias

		



		Notes:

		

		

		

		

		

		



		Bolded and italicized surrogate values are laboratory-specified limits.
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		Matrix: Surface Soil, Subsurface Soil, Sediment (tentative)



		Analytical Group: SVOCs



		Analytical Method/SOP Reference: SW-846 8270C / GR-04-103



		QC Sample

		Frequency/Number

		Method/SOP QC Acceptance Limits

		CA

		Person(s) Responsible for CA

		DQI

		MPC



		Method Blank

		One per preparatory batch of up to 20 samples.

		No analytes detected > 1/2 LOQ and > 1/10 the amount measured in any associated sample or >1/10 the regulatory limit (whichever is greater). Blank result must not otherwise affect sample results. For common laboratory contaminants, no analytes detected > LOQ.

		Correct the problem. If QC acceptance criteria still not met, reprep and reanalyze the method blank and all samples processed with the contaminated blank.

		Analyst / Laboratory Area Supervisor

		Contamination / Bias

		Same as Method/ SOP QC Acceptance Limits.



		LCS containing all analytes to be reported

		

		QC acceptance criteria specified in DoD QSM v4.2; refer to Table 8-8. 

		Correct the problem. Reprep and reanalyze the LCS and all samples in the associated preparatory batch for failed analytes, if sufficient sample material is available.

		

		Accuracy / Bias

		



		MS

		

		Same as LCS.

		Examine results of LCS. If both the LCS and MS/MSD are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Accuracy / Bias

		



		MSD

		

		Same as LCS, and refer to Table 8-8 for RPD.

		

		

		Precision / Accuracy / Bias

		



		IS

		Every field sample, standard, and QC sample

		Retention times for IS must be ± 30 seconds from retention time of the midpoint standard in the ICAL and the responses within -50% to +100% of ICAL midpoint standard.

		Inspect mass spectrometer and/or gas chromatograph for malfunctions. Reanalysis of samples analyzed while system was malfunctioning is mandatory.

		

		Precision / Accuracy / Bias

		



		Surrogate spike

		All field and QC samples.

		NB-d5 35-100%; 
2-Fluorobiphenyl 45-105%; 
o-Terphenyl 30-125%; 
Phenol-d6 40-100%; 
2-Fluorophenol 35-105%; 
2,4,6-Tribromophenol 35-125%

		For QC and field samples, correct problem then reprep and reanalyze all failed samples for failed surrogates in the associated preparatory batch, if sufficient sample material is available. If obvious chromatographic interference with surrogate is present, reanalysis may not be necessary.

		

		Accuracy / Bias
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		Matrix: Surface Soil, Subsurface Soil, Sediment (tentative)



		Analytical Group: Explosives



		Analytical Method/SOP Reference: SW-846 8330A / GR-16-115



		QC Sample

		Frequency/ Number

		Method/SOP QC Acceptance Limits

		CA

		Person(s) Responsible for CA

		DQI

		MPC



		Method Blank

		One per preparatory batch of up to 20 samples.

		No analytes detected > 1/2 LOQ and > 1/10 the amount measured in any associated sample or >1/10 the regulatory limit (whichever is greater). Blank result must not otherwise affect sample results.

		Correct the problem. If QC acceptance criteria still not met, reprep and reanalyze the method blank and all samples processed with the contaminated blank.

		Analyst / Laboratory Area Supervisor

		Contamination / Bias

		Same as Method/SOP QC Acceptance Limits.



		LCS containing all analytes to be reported

		One per preparatory batch of up to 20 samples.

		QC acceptance criteria specified in DoD QSM v4.2; refer to Table 8-9. 

		Correct the problem. Reprep and reanalyze the LCS and all samples in the associated preparatory batch for failed analytes, if sufficient sample material is available.

		

		Accuracy / Bias

		



		MS

		One per preparatory batch of up to 20 samples.

		Same as LCS.

		Examine results of LCS. If both the LCS and MS/MSD are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Accuracy / Bias

		



		MSD

		One per preparatory batch of up to 20 samples.

		Same as LCS, and refer to Table 8-9 for RPD.

		

		

		Precision / Accuracy / Bias

		



		Surrogate spike

		All field and QC samples.

		4-Nitroaniline 57-139%

		For QC and field samples, correct problem then reprep and reanalyze all failed samples for failed surrogates in the associated preparatory batch, if sufficient sample material is available. If obvious chromatographic interference with surrogate is present, reanalysis may not be necessary.

		

		Accuracy / Bias

		



		Confirmation of positive results (second column and second detector)

		All positive results must be confirmed.

		Calibration and QC criteria same as for initial or primary column analysis; Results between primary and second column RPD ≤ 40%.

		N/A

		

		Accuracy

		



		Notes:

		

		

		

		

		

		



		Bolded and italicized surrogate values are laboratory-specified limits.
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		Matrix: Surface Soil, Subsurface Soil, Sediment (tentative)



		Analytical Group: Explosives (PETN and NG)



		Analytical Method/SOP Reference: SW-846 8332 / GR-16-116



		QC Sample

		Frequency/Number

		Method/SOP QC Acceptance Limits

		CA

		Person(s) Responsible for CA

		DQI

		MPC



		Method Blank

		One per preparatory batch of up to 20 samples.

		No analytes detected > 1/2 LOQ and > 1/10 the amount measured in any associated sample or >1/10 the regulatory limit (whichever is greater). Blank result must not otherwise affect sample results.

		Correct the problem. If QC acceptance criteria still not met, reprep and reanalyze the method blank and all samples processed with the contaminated blank.

		Analyst / Laboratory Area Supervisor

		Contamination / Bias

		Same as Method / SOP QC Acceptance Limits.



		LCS containing all analytes to be reported

		One per preparatory batch of up to 20 samples.

		QC acceptance criteria specified in DoD QSM v4.2; refer to Table 8-9. 

		Correct the problem. Reprep and reanalyze the LCS and all samples in the associated preparatory batch for failed analytes, if sufficient sample material is available.

		

		Accuracy / Bias

		



		MS

		One per preparatory batch of up to 20 samples.

		Same as LCS.

		Examine results of LCS. If both the LCS and MS/MSD are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Accuracy / Bias

		



		MSD

		One per preparatory batch of up to 20 samples.

		Same as LCS, and refer to Table 8-9 for RPD.

		

		

		Precision / Accuracy / Bias

		



		Surrogate spike

		All field and QC samples.

		1-Nitronaphthalene 50-150%

		For QC and field samples, correct problem then reprep and reanalyze all failed samples for failed surrogates in the associated preparatory batch, if sufficient sample material is available. If obvious chromatographic interference with surrogate is present, reanalysis may not be necessary.

		

		Accuracy / Bias

		



		Confirmation of positive results (second column and second detector)

		All positive results must be confirmed.

		Calibration and QC criteria same as for initial or primary column analysis; Results between primary and second column RPD ≤ 40%.

		N/A

		

		Accuracy

		



		Notes:

		

		

		

		

		

		



		Bolded and italicized surrogate values are laboratory-specified limits.
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[bookmark: _Toc333767153][bookmark: _Toc336538417]Laboratory QC Samples



		Matrix: Surface Soil, Subsurface Soil, Sediment (tentative)



		Analytical Group: METALs (refer to Table 8-10 for a specific list of analytes by this method)



		Analytical Method/SOP Reference: SW-846 6010C / GR-01-100



		QC Sample

		Frequency/Number

		Method/SOP QC Acceptance Limits

		CA

		Person(s) Responsible for CA

		DQI

		MPC



		Method Blank

		One per preparatory batch of up to 20 samples.

		No analytes detected > 1/2 LOQ and > 1/10 the amount measured in any associated sample or >1/10 the regulatory limit (whichever is greater). Blank result must not otherwise affect sample results. For common laboratory contaminants, no analytes detected > LOQ.

		Correct the problem. If QC acceptance criteria still not met, reprep and reanalyze the method blank and all samples processed with the contaminated blank.

		Analyst / Laboratory Area Supervisor

		Contamination / Bias

		Same as Method/SOP QC Acceptance Limits.



		LCS containing all analytes to be reported

		

		QC acceptance criteria specified in DoD QSM v4.2; refer to Table 8-10. 

		Correct the problem. Reprep and reanalyze the LCS and all samples in the associated preparatory batch for failed analytes, if sufficient sample material is available.

		

		Accuracy / Bias

		



		MS

		

		Same as LCS.

		Examine results of LCS. If both the LCS and MS or MSD are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Accuracy / Bias

		



		MSD or Sample Duplicate 

		

		Same as LCS, and refer to Table 8-10 for RPD.

		Examine results of LCS. If both the LCS and MS/MSD or parent/duplicate are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Precision / Accuracy / Bias

		



		Serial Dilution (also known as Dilution test)

		One per preparatory batch for samples with concentration > 50 x LOQ.

		Five-fold dilution must agree within ± 10% of the original measurement.

		Perform post-digestion spike (PDS) addition.

		

		Precision / Accuracy

		



		PDS

		When serial dilution fails or analyte concentration in all samples < 50 x LOD.

		Recovery within 75-125%.

		Run all associated sample in the preparatory batch by method of standard additions (MSA) or qualify results.

		

		Precision / Accuracy
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[bookmark: _Toc333767155][bookmark: _Toc336538419]Laboratory QC Samples



		Matrix: Surface Soil, Subsurface Soil, Sediment (tentative)



		Analytical Group: METALs (refer to Table 8-10 for a specific list of analytes by this method)



		Analytical Method/SOP Reference: SW-846 6020A / GR-01-129



		QC Sample

		Frequency/Number

		Method/SOP QC Acceptance Limits

		CA

		Person(s) Responsible for CA

		DQI

		MPC



		Method Blank

		One per preparatory batch of up to 20 samples.

		No analytes detected > 1/2 LOQ and > 1/10 the amount measured in any associated sample or >1/10 the regulatory limit (whichever is greater). Blank result must not otherwise affect sample results. For common laboratory contaminants, no analytes detected > LOQ.

		Correct the problem. If QC acceptance criteria still not met, reprep and reanalyze the method blank and all samples processed with the contaminated blank.

		Analyst / Laboratory Area Supervisor

		Contamination / Bias

		Same as Method/SOP QC Acceptance Limits.



		LCS containing all analytes to be reported

		

		QC acceptance criteria specified in DoD QSM v4.2; refer to Table 8-10. 

		Correct the problem. Reprep and reanalyze the LCS and all samples in the associated preparatory batch for failed analytes, if sufficient sample material is available.

		

		Accuracy / Bias

		



		MS

		

		Same as LCS.

		Examine results of LCS. If both the LCS and MS or MSD are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Accuracy / Bias

		



		MSD or Sample Duplicate 

		

		Same as LCS, and refer to Table 8-10 for RPD.

		Examine results of LCS. If both the LCS and MS/MSD or parent/duplicate are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Precision / Accuracy / Bias

		



		Serial Dilution (also known as Dilution test)

		One per preparatory batch for samples with concentration > 50 x LOQ.

		Five-fold dilution must agree within ± 10% of the original measurement.

		Perform PDS addition.

		

		Precision / Accuracy

		



		PDS

		When serial dilution fails or analyte concentration in all samples < 50 x LOD.

		Recovery within 75-125%.

		Run all associated sample in the preparatory batch by MSA or qualify results.

		

		Precision / Accuracy

		



		IS

		Every field sample, standard, and QC sample

		IS intensity within 70-120% of intensity of the IS in the ICAL.

		Reanalyze sample at 5-fold dilution with addition of appropriate amounts of IS.

		

		Accuracy / Bias

		



		Notes:

		

		

		

		

		

		



		Bolded and italicized surrogate values are laboratory-specified limits.
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		Matrix: Surface Soil, Subsurface Soil, Sediment



		Analytical Group: METALs (Mercury)



		Analytical Method/SOP Reference: SW-846 7471A / GR-01-123



		QC Sample

		Frequency/Number

		Method/SOP QC Acceptance Limits

		CA

		Person(s) Responsible for CA

		DQI

		MPC



		Method Blank

		One per preparatory batch of up to 20 samples.

		No analytes detected > 1/2 LOQ and > 1/10 the amount measured in any associated sample or >1/10 the regulatory limit (whichever is greater). Blank result must not otherwise affect sample results.

		Correct the problem. If QC acceptance criteria still not met, reprep and reanalyze the method blank and all samples processed with the contaminated blank.

		Analyst / Laboratory Area Supervisor

		Contamination / Bias

		Same as Method / SOP QC Acceptance Limits.



		LCS containing all analytes to be reported

		

		QC acceptance criteria specified in DoD QSM v4.2; refer to Tables 8-6 and 8-10. 

		Correct the problem. Reprep and reanalyze the LCS and all samples in the associated preparatory batch for failed analytes, if sufficient sample material is available.

		

		Accuracy / Bias

		



		MS

		

		Same as LCS.

		Examine results of LCS. If both the LCS and MS or MSD are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Accuracy / Bias

		



		MSD or Sample Duplicate 

		

		Same as LCS, and refer to Tables 8-6 and 8-10 for RPD.

		Examine results of LCS. If both the LCS and MS/MSD or parent/ duplicate are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Precision / Accuracy / Bias
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		Matrix: Surface Soil, Subsurface Soil, Sediment (tentative)



		Analytical Group: METALs (Cyanide)



		Analytical Method/SOP Reference: SW-846 9014 / GR-05-122



		QC Sample

		Frequency/Number

		Method/SOP QC Acceptance Limits

		CA

		Person(s) Responsible for CA

		DQI

		MPC



		Method Blank

		One per preparatory batch of up to 20 samples.

		No analytes detected > 1/2 LOQ and > 1/10 the amount measured in any associated sample or >1/10 the regulatory limit (whichever is greater). Blank result must not otherwise affect sample results.

		Correct the problem. If QC acceptance criteria still not met, reprep and reanalyze the method blank and all samples processed with the contaminated blank.

		Analyst / Laboratory Area Supervisor

		Contamination / Bias

		Same as Method/SOP QC Acceptance Limits.



		LCS

		

		QC acceptance criteria specified in DoD QSM v4.2; refer to Table 8-10. 

		Correct the problem. Reprep and reanalyze the LCS and all samples in the associated preparatory batch for failed analytes, if sufficient sample material is available.

		

		Accuracy / Bias

		



		MS

		

		Same as LCS.

		Examine results of LCS. If both the LCS and MS or MSD are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Accuracy / Bias

		



		MSD or Sample Duplicate 

		

		Same as LCS, and refer to Table 8-10 for RPD.

		Examine results of LCS. If both the LCS and MS/MSD or parent/duplicate are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Precision / Accuracy / Bias
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		Matrix: Surface Soil, Subsurface Soil, Sediment (tentative)



		Analytical Group: WCHEM (TOC)



		Analytical Method/SOP Reference: Lloyd Kahn / GR-05-132



		QC Sample

		Frequency/Number

		Method/SOP QC Acceptance Limits

		CA

		Person(s) Responsible for CA

		DQI

		MPC



		Method Blank

		One per preparatory batch of up to 20 samples.

		No analytes detected > 1/2 LOQ and > 1/10 the amount measured in any associated sample or >1/10 the regulatory limit (whichever is greater). Blank result must not otherwise affect sample results.

		Correct the problem. If QC acceptance criteria still not met, reprep and reanalyze the method blank and all samples processed with the contaminated blank.

		Analyst / Laboratory Area Supervisor

		Contamination / Bias

		Same as Method/SOP QC Acceptance Limits.



		LCS

		One per preparatory batch of up to 20 samples.

		QC acceptance criteria specified in DoD QSM v4.2; refer to Table 8-11. 

		Correct the problem. Reprep and reanalyze the LCS and all samples in the associated preparatory batch for failed analytes, if sufficient sample material is available.

		

		Accuracy / Bias

		



		MS

		One per preparatory batch of up to 20 samples.

		Same as LCS.

		Examine results of LCS. If both the LCS and MS/MSD are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate.

		

		Accuracy / Bias

		



		MSD

		One per preparatory batch of up to 20 samples.

		Same as LCS, and refer to Table 8-11 for RPD.

		

		

		Precision / Accuracy / Bias
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		Matrix: Surface Soil, Subsurface Soil, Sediment (tentative)



		Analytical Group: WCHEM (pH)



		Analytical Method/SOP Reference: SW-846 9045C / GR-07-113



		QC Sample

		Frequency/Number

		Method/SOP QC Acceptance Limits

		CA

		Person(s) Responsible for CA

		DQI

		MPC



		Standard Reference Material (SRM)

		Two per preparatory batch of up to 20 samples.

		+0.05 pH unit of certified value

		Re-prepare and analyze all associated samples.

		Analyst / Laboratory Area Supervisor

		Accuracy

		Same as Method/SOP QC Acceptance Limits.



		Laboratory Duplicate

		One per preparatory batch of up to 20 samples.

		RPD limit for pH is 20.

		Re-prepare and analyze all associated samples.

		

		Bias

		










Table 10-18

Laboratory QC Samples

Matrix: Sediment (tentative)

Analytical Group: AVS/SEM

Analytical method/SOP Reference: AVS/SEM; SOP GR-19-100

		QC Sample

		Frequency/Number

		Method/SOP QC Acceptance Limits

		CA

		Person(s) Responsible for CA

		DQI

		MPC



		Method Blank  

		One per preparatory batch of up to 20 samples. 

		No analytes detected > 1/2 RL and greater than 1/10 the regulatory limit (whichever is greater). Blank result must not otherwise affect sample results. 

		Correct the problem. If required, re-prepare and reanalyze the method blank and all samples processed with the contaminated blank. 

		 Analyst/Laboratory Area Supervisor  

		Contamination/Bias  

		Same as Method/ SOP QC Acceptance Limits. 



		LCS  

		One per preparatory batch of up to 20 samples. 

		Refer to Table 8-11. 

		Correct problem, then re-prepare and reanalyze the LCS and all samples in the associated preparatory batch for the failed analyte, if sufficient sample material is available. 

		 Analyst/Laboratory Area Supervisor  

		 Accuracy/Bias  

		



		MS  

		One per preparatory batch of up to 20 samples. 

		Use in-house limits for LCS. 

		Examine results of LCS. If both the LCS and MS/MSD are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate. 

		 Analyst/Laboratory Area Supervisor  

		Accuracy/Bias  

		



		MSD or Sample DUP  

		One per preparatory batch of up to 20 samples. 

		Same as MS, and refer to Table 8-11.

		Examine results of LCS. If both the LCS and MS/MSD or MS/DUP are unacceptable, re-prepare and analyze the associated samples and QC, otherwise report and narrate. 

		 Analyst/Laboratory Area Supervisor  

		Precision/Accuracy/ Bias  
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		Matrix: Groundwater



		Analytical Group: Microbials



		Analytical Method/SOP Reference: MISOP-DNA-qPCR



		QC Sample:

		Frequency/Number

		Method/SOP QC Acceptance Limits

		CA

		Person(s) Responsible for CA

		DQI

		MPC



		Assay Negative Control (Blank)

		One per analytical assay plate

		Values for positive samples are set above any fluorescence for the negative control.

		Rerun assay; may have to reoptimize assay.

		Analyst

		Accuracy/Bias, Contamination

		Same as Method/SOP QC Acceptance Limits.



		DNA extraction negative control

		One per analytical batch

		Cycle Threshold (CT) ≤ Assay Negative Control 

		Rerun assay or reextract samples if problem persists

		

		Accuracy/Bias

		



		Positive Control

		One per analytical assay plate

		Calculated concentration within +/-20% of same concentration on standard curve

		Rerun assay/check reagents

		

		Accuracy/Bias
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		[bookmark: _Toc336516004][bookmark: _Toc336538430][bookmark: _Toc336538431]Table 11-1Data Verification and Validation (Steps I and IIa/IIb)1 Process Table



		Data Review Input

		Description

		Responsible for Verification

		Step I / IIa / IIb1

		Internal/ External2



		Field Notebooks

		Field notebooks will be reviewed internally and placed into the project file for archival at project closeout.

		FTL / CH2M HILL

		Step I

		Internal



		Chains of Custody and Shipping Forms

		Chain-of-custody forms and shipping documentation will be reviewed internally upon their completion and verified against the packed sample coolers they represent. The shipper's signature on the chain of custody will be initialed by the reviewer, a copy of the chain of custody retained in the site file, and the original and remaining copies taped inside the cooler for shipment. Chains of custody will also be reviewed for adherence to the SAP by the PC.

		FTL / CH2M HILL



PC / CH2M HILL

		Step I

		Internal and External



		Sample Condition upon Receipt

		Any discrepancies, missing, or broken containers will be communicated to the PC in the form of laboratory logins. 

		PC / CH2M HILL

		Step I

		External



		Documentation of Laboratory Method Deviations

		Laboratory Method Deviations will be discussed and approved by the PC. Documentation will be incorporated into the case narrative which becomes part of the final hardcopy data package.

		PC / CH2M HILL

		Step I

		External



		Electronic Data Deliverables

		Electronic Data Deliverables will be compared against hardcopy laboratory results (10 percent check).

		PC / CH2M HILL

		Step I

		External



		Case Narrative

		Case narratives will be reviewed by the DV during the data validation process. This is verification that they were generated and applicable to the data packages.

		DV / CH2M HILL

		Step I

		External



		Laboratory Data

		All laboratory data packages will be verified internally by the laboratory performing the work for completeness and technical accuracy prior to submittal.

		Laboratory QAO

		Step I

		Internal



		Laboratory Data

		The data will be verified for completeness by the PC.

		PC / CH2M HILL

		Step I

		External



		Audit Reports

		Upon report completion, a copy of all audit reports will be placed in the site file. If CAs are required, a copy of the documented CA taken will be attached to the appropriate audit report in the QA site file. Periodically, and at the completion of site work, site file audit reports and CA forms will be reviewed internally to ensure that all appropriate CAs have been taken and that CA reports are attached. If CAs have not been taken, the site manager will be notified to ensure action is taken.

		PM / CH2M HILL


PC / CH2M HILL

		Step I

		Internal



		CA Reports

		CA reports will be reviewed by the PC or PM and placed into the project file for archival at project closeout.

		PM / CH2M HILL
PC / CH2M HILL

		Step I

		External



		Laboratory Methods

		Ensure the laboratory analyzed samples using the correct methods.

		PC / CH2M HILL

		Step IIa

		External



		TCL and TAL

		Ensure the laboratory reported all analytes from each analysis group.

		PC / CH2M HILL

		Step IIa

		External



		RLs

		Ensure the laboratory met the project-designated quantitation limits. If quantitation limits were not met, the reason will be determined and documented.

		PC / CH2M HILL

		Step IIb

		External
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		Data Review Input

		Description

		Responsible for Verification

		Step I / IIa / IIb1

		Internal/ External2



		Field  SOPs

		Ensure that all field SOPs were followed.

		FTL  / CH2M HILL

		Step IIa

		Internal



		Laboratory SOPs

		Ensure that approved analytical laboratory SOPs were followed.

		Respective Laboratory QAO

		Step IIa

		Internal



		Raw Data

		10 percent review of raw data to confirm laboratory calculations. For a recalculated result the DV attempts to re-create the reported numerical value. The laboratory is asked for clarification if a discrepancy is identified which cannot reasonably be attributed to rounding. In general, this is outside 5 percent difference.

		DV / CH2M HILL

		Step IIa

		External



		Onsite Screening

		All non-analytical field data will be reviewed against SAP requirements for completeness and accuracy based on the field calibration records.

		FTL / CH2M HILL

		Step IIb

		Internal



		Documentation of Method QC Results

		Establish that all required QC samples were run.

		DV / CH2M HILL

		Step IIa

		External



		Documentation of Field QC Sample Results

		Establish that all required QC samples were run.

		PC / CH2M HILL

		Step IIb

		Internal



		DoD  ELAP Evaluation

		Ensure that each laboratory is DoD ELAP-certified for the analyses they are to perform. Ensure evaluation timeframe does not expire.

		PC / CH2M HILL

		Step IIa

		External



		Data for VOCs, SVOCs, 1,4-Dioxane, Explosives, PETN and NG, Metals, Mercury, and Cyanide in Sediment

		Analytical methods and laboratory SOPs as presented in this SAP will be used to evaluate compliance against QA/QC criteria presented in this SAP. Should adherence to QA/QC criteria yield deficiencies, data may be qualified. The data qualifiers used are those presented in Region III Modifications to the Laboratory Data Validation Guidelines for Inorganic Data Review (USEPA, 1993). National Functional Guidelines may be used for data validation and the specific qualifiers listed therein may be applied to data should non-conformances against the QA/QC criteria as presented in this SAP be identified.

		DV / CH2M HILL

		Step IIa and IIb

		External



		Analytical data for wet chemistry, MEE, AVS/SEM, microbial, or grain-size in all matrixes analyzed, such as surface sediment, subsurface sediment, surface soil, surface water, and/or tissue.

		Wet chemistry, MEE, AVS/SEM, microbial, and grain-size analytical data will not undergo third-party data validation, but are subject to all other previously detailed data review protocols.

		N/A

		Step IIa and IIb

		N/A



		Notes:

1 Verification (Step I) is a completeness check that is performed before the data review process continues in order to determine whether the required information (complete data package) is available for further review. 

  Validation (Step IIa) is a review that the data generated are in compliance with analytical methods, procedures, and contracts.

  Validation (Step IIb) is a comparison of generated data against MPC in the SAP (both sampling and analytical).

2 Internal or external is in relation to the data generator. 
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FIGURE 3 
Site 34 Conceptual Site Model
Site 34 SAP 
Naval Weapons Station Yorktown, Yorktown, Virginia
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Figure 5
Proposed Groundwater and Pore Water Sample Locations
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Figure 8
Proposed Soil and Sediment Sample Locations


Site 34 SAP
Naval Weapons Station Yorktown


Yorktown, Virginia


/
0 40 8020


Feet


1 inch = 40 feet


Notes:
1. Proposed sample locations are approximate, and will
be field determined prior to the sampling event.
2. Analytical sediment data is presented for mercury in sediment
samples located within the wetland and outside of the removal
action footprint.  Exceedances of screening values are in bold.
3. Soil samples were collected at A14SB01 on January 19, 1997
from 0-6 inches below ground surface (bgs), 3-6 feet bgs, and
8-11 feet bgs.
Analytical data is included in the SAP.
4.  J = Analyte present, value may or may not be
           accurate or precise
     L = Analyte present, value may be biased low, actual value
           may be higher
     mg/kg = milligrams per kilogram
     mg/kg = micrograms per kilogram. 


* Duplicate sample collected, highest concentration shown
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!< Proposed Subsurface Soil Location


!(! Proposed Surface and Subsurface Soil Location


") Previous Soil Sample Location


"/ Proposed Sediment Sample Location


!ð Drop Inlet


3 Previous Sediment Sample Location


Estimated Overland Flow Boundary


Overland Flow Direction


Storm Sewer Line


Approximate Retaining Wall Location


Wastewater Force Main


Discharge Pipe


Top of Slope


Approximate Welands Boundary


Building 537 Weir Box


Building 537 Building Concrete Ditch


Buildings


Paved Area


2007 Removal Action


Chemical Name
Ecological Screening 
Value (Sediment)


Human Health 
Screening Value 
(Adjusted RSL)


Mercury 0.15 0.78
Total Metals (mg/kg)


Sample No. YSA14‐SD07
Date Sampled 6/21/05
Total Metals (mg/kg)
Mercury 0.098 J


Sample No. YSA14‐SD10
Date Sampled 6/21/05
Total Metals (mg/kg)
Mercury 0.11 J


Sample No. YSA14‐SD06
Date Sampled 12/14/07
Total Metals (mg/kg)
Mercury 0.091 L


Sample No. YSA14‐SD04*
Date Sampled 12/7/07
Total Metals (mg/kg)
Mercury 1.2







Figure 9
Groundwater Sampling Approach


Site 34 SAP
Naval Weapons Station Yorktown


Yorktown, Virginia
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!( Sample for COCs1, MNA2, and DHC3


!( Sample for COCs1, MNA2


!( Sample for COCs1


Discharge Pipe
Terrain Elevation Contour (4 ft interval)


Study Area Boundary
50 µg/L TCE


1000 µg/L TCE 0 60 120
Feet


Note: 
1. Wells sampled for COCs will be analyzed for Site 34 COCs
and degradation products as follows, TCE, cis-1,2-DCE,
trans-1,2-DCE, VC, 1,1-DCE, 1,1-DCA, CA, ethene, and ethane.
2. Wells sampled for MNA parameters will be analyzed for geochemical
and natural attenuation parameters as follows, alkalinity,
TOC, nitrate, nitrite, sulfate, sulfide, methane, iron (Fe2).
3. Wells sampled for DHC will be analyzed for DHC and functional genes.
4. A14GW01,A14GW03, A14GW05, and A14GW05A will be
 analyzed for 1,4-dioxane
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